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PATENT NO. CLASS PATENT FAMILY CLASSIFICATION CODES 

JP 2002173641 ICM C09D183-02 

ICS C01B033-12; C09D183-04; C09D201-00; HO 1L02 1 - 3 12 ; 
H01L021-316 

AB The porous Si02 thin films, useful for elec. insulating layers of 

multilayer wiring structures of semiconductor devices, have d. 0.5-1.5, 

specific relations between d. and hardness and/or Young's modulus, and the 

ratios of alkyl groups and/or Ph groups to total Si atoms of 5-100 mol%. 

The thin films are formed by applying coating compns . (pH 5.0-7.5) containing 

Si02 precursors mainly comprising alkoxysilanes RlnSi (OR2 ) 4 -n (Rl = H, 

Cl-8 linear, branched, or cyclic alkyl, aryl; R2 = Cl-6 linear or branched 

alkyl; n = 0-3) and/or their hydrolyzates , organic polymers, and H20 on 

substrates, gelling the Si02 precursors at 0-300°, and removing 

organic polymers from the resulting Si02 -organic polymer composites. The 

porous 

Si02 thin films have good mech. strength and are resistant to chemical-mech. 
polishing (CMP) in manufacture of wiring structures. 
ST porous silica thin film elec insulator; semiconductor wiring porous silica 
thin film; alkoxysilane coating org polymer silica film; sol gel coating 
silica porous film; chem mech polishing resistance porous silica 
IT Sol-gel processing 

(coating; manufacture of elec. insulating porous silica thin films with good 
mech. strength for multilayer wirings and semiconductor devices) 
IT Dielectric films 

Semiconductor devices 

(manufacture of elec. insulating porous silica thin films with good mech. 
strength for multilayer wirings and semiconductor devices) 
IT Printed circuit boards 

(multilayer; manufacture of elec. insulating porous silica thin films with 
good mech. strength for multilayer wirings and semiconductor devices) 
IT Polysiloxanes , properties 

RL: IMF (Industrial manufacture); PRP (Properties); TEM (Technical or 
engineered material use); PREP (Preparation); USES (Uses) 

(silicate-; manufacture of elec. insulating porous silica thin films with 
good mech. strength for multilayer wirings and semiconductor devices) 
IT Coating process 

(sol-gel; manufacture of elec. insulating porous silica thin films with good 
mech. strength for multilayer wirings and semiconductor devices) 



t 



IT 24991-55-7, Polyethylene glycol dimethyl ether 51728-26-8, Ethoxylated 
pentaerythritol tetraacrylate 438449-67-3 
RL: NUU (Other use, unclassified); USES (Uses) 

(in manufacture of elec. insulating porous silica thin films with good mech 
strength for multilayer wirings and semiconductor devices) 
IT 7631-86-9P, Silica, properties 88029-70-3P, Me thyl trie thoxysi lane - 
tetraethoxysilane copolymer 

RL: IMF (Industrial manufacture) ; PRP (Properties) ; TEM (Technical or 
engineered material use) ; PREP (Preparation) ; USES (Uses) 

(manufacture of elec. insulating porous silica thin films with good mech. 
strength for multilayer wirings and semiconductor devices) 
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IC ICM C09D183-02 
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AB JP2002173641 A UPAB : 20021018 

NOVELTY - A novel porous thin silica membrane (PI) has a density value of 
0.5-1.5, satisfies a specific relation between its density value (d) and 
its hardness value (H) , and contains alkyl and/or phenyl groups 
corresponding to 5-100 mol % to the total number of Si atoms. 

DETAILED DESCRIPTION - A novel porous thin silica membrane (PI) has a 
density value of 0.5-1.5, satisfies a specific relation between its 
density value (d) and its hardness value (H) , and contains alkyl and/or 
phenyl groups corresponding to 5-100 mol % to the total number of Si atoms 
The specific relation between (d) and (H) is formula (1) . 
0.2 + 0.042e2.4d at most H at most 0.042e2.4d (1) 
d = density value of porous thin silica membrane; 
H = hardness of porous thin silica membrane. 
INDEPENDENT CLAIM are also included for: 

(1) another novel porous thin silica membrane (P2) that has a density 
value of 0.5-1.5, satisfies formula (2) between its density value (d) and 
its Young's modulus value (E) , and contains alkyl and/or phenyl groups 
corresponding to 5-100 mol % to the total number of Si atoms; 

(2) a novel multi-layer wiring structure (P3) that contains multiple 
insulating membranes and wirings formed on their surfaces, and at least 
one insulating membrane has been composed of (PI) and/or (P2) ; 

(3) a novel semiconductor element (P4) that comprises (P3) ; 

(4) a novel coating composition (P5) for forming porous thin silica 
membranes that contains a certain silica precursor, main components of 
which are alkoxysilane of formula (3) and/or its hydrolyzed derivative (s) , 
has a pH value of 5.0-7.5, and contains water more than or equal to 0.01 
times the weight of the silica precursor and less than or equal to 10 
times the weight of the silica precursor; and 

(5) a novel method (M) for manufacturing porous thin silica membranes 
that comprises: (a) a process for forming silica/organic polymer composite 
thin membrane in which (P5) is coated on the surface of a substrate and is 
subjected to a gelation reaction of the silica precursor at 0-300 deg. C, 



and a silica/organic polymer composite thin membrane is obtained; and (b) 
a process for removing organic polymer in which the silica/organic polymer 
composite thin membrane prepared in (a) is subjected to a removal process 
of organic polymer at 300-450 deg. C to obtain the porous thin silica 
membrane . 

1.5 + 0.16e2.9d at most E at most 2.0 + 1.5el.8d (2) 
Rln(Si) (0R2) 4-n (3) 

d = density value of porous thin silica membrane; 

E = Young's modulus of porous thin silica membrane. 

Rl = hydrogen or 1-8C linear, branched, or cyclic alkyl or aryl; 

R2 = 1-6C optionally branched alkyl ,- 

n = integer of 0-3. 

USE - (P5) and (M) are suitably applied for manufacture of (PI) , 
(P2), (P3), or (P4) . (P3) is suitable for manufacture of (P4). 

ADVANTAGE - (PI) or (P2) has low relative permittivity and such a 
mechanical strength that it can sufficiently endure the CMP (chemical 
mechanical polishing) step in wiring process of semiconductor elements. 
Dwg. 0/0 
FS CPI EPI 
FA AB 

MC CPI: A12-E01; G02-A05B; L04-C12A; L04-C12E 
EPI: U11-C05A; U11-C05B7 
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AB PROBLEM TO BE SOLVED: To provide porous silica thin film having a low 
specific inductive capacity and a mechanical strength sufficiently 
endurable to a CMP process in a copper wiring on a semiconductor element. 
SOLUTION: The porous silica thin film is characterized in that: it has a 
density of 0.5-1.5; a relation between the density (d) and a Young's 
modulus (E) and that between the density (d) and a hardness (H) are 
expressed by formulae (1) and (2), and the content of alkyl and/or phenyl 
is 5-100 mol% based on the number of all silicon atoms. 

1.5+0.16e2.9d<=E<=2.0+1.5dl.8d. . . (1) 0.2+0.042 e2 . 4d<=H<=0 . 042e4 . 2d . . . (2) 
(wherein, d is a density of thin film; H is a hardness of thin film; and E 
is a Young's modulus) . 
COPYRIGHT: (C) 2 002, JPO 
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(57)[ABSTRACT OF THE DISCLOSURE] 



I] [SUBJECT OF THE INVENTION] 

#JLtt v' U # MfS&(0#MfSLM The dielectric constant of a porous silica thin 

$l&< v ^^f^^^-coislficli^X film is low, and it provides the porous silica thin 

m^&m CM PT.g(:+5>i film which has the mechanical strength which 

x. <5 WiWffl$&& £ {)'-;}' <S bears enough the CMP process in the 

U jj MWZ&VM&i ' •£>„ copper-wiring process of a semiconductor 

element. 



IMtk-M'k] [PROBLEM TO BE SOLVED] 

0 . 5-^1. 5 T? v: 3£ The relationship between density (d), and 

( d ) ts -yy i/^y 'A young modulus (E) and hardness (H) is 

(R) (H) toWMfi expressed by density 0.5-1.5 by following 

TtiWMsK. (1) £;J;T>* (2) relation (1 ) and (2), the content of an alkyl group 

"C^^ti, T J^-jvJSilkX^/X and/or a phenyl group is 5 to 100 mol % to all 

\t.7^~/V&(D^fa~MM'§ : /f' / ( silicon atomic numbers. 

MW^Wcl^M L 5 ~ 1 0 0* The porous silica thin film characterized by the 

J\>%X*hZ>Z t l-WifSi above-mentioned. 

mmmmmm 0 i.5+o.i6e 29d 

1 . 5 I- 0.16 c 2 9d < E IS_LESS_THAN_OR_EQUAL_TO E 

^ 2 . 0 }• 1 . 5 c IS LESS THAN OR EQUAL TO 2.0+1. 5e 18d 
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1.8d 



(i) *** (1) 

0 . 2 f 0 . 0 4 2 c 2M 0.2+0.042e 24d 

S II S 0 / 0 4 2 c I S_LESS_THAN_0 R_EQUAL_TO H 

42 d (2) IS_LESS_THAN_OR_EQUAL_TO 0.042e 42 d 

CfH Lx^'f'; d *** (2)[ however, in the Formula, d shows the 

HtefSfflg (E) iiiry^ density of a thin film, h shows the hardness of a 

•Tri/a-y z. %7F-f- c ) thin film, (E) shows Youngs modulus.] 

immi&mmM [claims] 

ItnMM 1 1 [CLAIM 1] 

0 . 5 ~ 1 . 5X\ & A porous silica thin film, in which the 

&kMl£.k <Dffl&&TMffl4&& relationship between a density and hardness is 

(1) T'S^ti, 7;u#;i/Sl expressed by density 0.5-1.5 by the following 
t//X 7 3i — /^Kco-a ^' relation (1), and the content of an alkyl group 

^/r-i j'-ici 'x-f t f> ~ 1 0 and/or a phenyl group is 5 to 100 mol % to all 

0 ^fr%X*fo 5 - kteW®. kt silicon atomic numbers. 

zmmm*; vm mm o.2+o.o42e 24d 

0. 2 + 0. 0 4 2 e 24d IS_LESS_THAN_OR_EQUAL_TO H 

^HSO. 0 4 2 e 42d ••• IS_LESS_THAN_OR_EQUAL TO 0.042e 42d 

( 1 ) *** (1)[however, in the Formula, d shows the 

fH.L5t'1\ d i$M$<Dfr,f&, density of a thin film, h shows the hardness of a 

^MM 3 thin film.] 



WnMm Z] [CLAIM 2] 

& : /A7j<0. 5~1. 5-C\ & A porous silica thin film, in which the 

MWM&M^^^:WMt0MM relationship between a density and a young 

/5>;1i;fBP#^: V ( 2) -e^£tu modulus is expressed by density 0.5-1 .5 by the 

T/\'*/\'&RX$/'Xt£ 7 3. following relation (2), the content of an alkyl 

BiOllZG Bktf^sr j ~M%&-f-1klz. group and/or a phenyl group is 5 to 100 mol % 

M L> 5 10 0 ^>fe%^fe S £ to all silicon atomic numbers. 

k%mmk^&mm^mm 1.5+0.16e 2 - 9d 

SIo IS_LESS_THAN_OR_EQUAL_TO E 

1, 5 + 0. 1 6 e 29d S E IS_LESS_THAN_OR_EQUAL_TO 2.0+1. 5e 1 M 

£2. 0 + 1 . 5 e 1 8d .-.••» *** (2)[however, in the Formula, d is the density 

(2) of a thin film, e shows the young modulus of a 
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LX'W dUm%^W;)&, thin film.] 
E > ?m "7 x &- 

>>"«)"o ] 

[M^^ 3 l [CLAIM 3] 

ft J-S 2 f tfe CD #?L14 # A porous silica thin film, which is the porous 

g$li£&3» o X < t iiM : £ «0 silica thin film of Claim 2, comprised such that 

l*J{£# r Fpfi[$'ff^ ( 1 ) ~C3££ the relationship between a density and 

1n%<L k hardness is expressed with the following 

Wll relation (1). 

0 . 2 + 0 . 0 4 2 e 2 4d 0.2+0.042e 2 4d 

.< H ^ 0 . 0 4 2 c IS_LESS_THAN_OR_EQUAL_TO H 

4?d • • • ( 1 ) IS_LESS_THAN_OR_EQUAL_TO 0.042e 42d 

iiSilvxiilWfe *** (1 )[however, in the Formula, d shows the 

Hitffil&vyWM ~kf^-fo 3 density of a thin film, h shows the hardness of a 

thin film. ] 

[ftjfcif 4 ] [CLAIM 4] 

flUJf^ lOO/i mi^T'Cfc^ A porous silica thin film in any one of Claim 1-3, 

r. t ^MW^k^MMM 1 ~ 3 in which film thickness is 100 micrometer or 

wmmfo&K. iir.iic.) mm v- y less. 



5 ] [CLAIM 5] 

^f-C^lfei^jH^o JztK^c 7 ) kC. A multilayer-interconnection structure, which 

7f$/j£ £ ii'ttElM^^ii^ L , i$£fc includes two or more insulating layers and 

WlM&&M x< <t ,fc wiring formed on it, and comes to comprise at 

1 ~ 4 m^-ffiMcB^<D^l least 1 layer of this insulating layer porous silica 

&*V$WM £ thin films in any one of Claim 1-4. 



ti*i 6 ] [CLAIM 6] 

m^M 5 {ciaic^^Sffi^lf The semiconductor element which includes the 
3£# C^'ft & ^ multilayer-interconnection structure of Claim 5. 
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mmmm] [claim 7] 

T'iH— IxS; 43 ) § ti^> A application composition for porous silica thin 

T/^ ^ v-^y ^RX^/yM^ film formation, which includes the silica 

<MP 7jc ftM ^ £ i/iSc ^ i: 1" 5 is precursor which has as a main component the 

V MmMWt vlill^ alkoxysilane expressed with the following 

L , p Hi)\ 5 . o — 7 . general formula (3), and/or its hydrolyzate, and 

#?Lf£ isV jJMl\$$ Il^l an organic polymer, and is the application 
$M fet, ; J£ composition for porous silica thin films of 

m-^m^B 'iWffiffllfcWM^M pH5.0-7.5, comprised such that the weight ratio 

Sit (WE) Mm . 0 1 S W R (WR) with respect to the silica precursor of the 

S 1 0 t% ^ \ &*!&fc'$$SM$ water in this application composition is 0.01 

m^m&wm<vmrtmMm is_less_thanjdr_equaljo wr 

mmmm^msm^mwmm is_lessjthanjdr_equaljo 10. 

5" #?U4 i/ ] J j] W\\%Mf&ftl M And the weight of water is larger than the weight 

ffifiSc^Jo of the alcohol in this application composition. 

R 1 n (Si) ( O R 2 ) R 1 n (Si)(OR 2 ) 4 -n *** (3) 

4-n ( 3 ) (In the Formula, r 1 expresses H or a C1-8 linear, 

(S^v R 1 ttH'Sfclij^^ffc a branched and annular alkyl group, or an aryl 

i i~ 8 m Ili W$m&&m group, r 2 expresses a C1 -6 linear or a branched 

m%mm**fcMmmm?ym aikyi group. 

^iiifevi R 2 fi^^^C 1 Moreover, n is the integer of 0-3. 

/i/S^r^^o * n 0 — 3 CO 



[f»« 8 ] [CLAIM 8] 

A application composition for porous silica thin 
ft < t h — film formation of Claim 7, in which an organic 
1 ~ 8 ©ilii^fc J:^^^: polymer is the aliphatic polymer or sugar chain 
(D^/ls : /^:~r¥?W&x 7A> * which has the alkyl-ether group at least 1 
/I/oit; x/ult J: XST/^jUT terminal group of the terminal group is linear 
5 KSv T/i^^yi^^ — 7^^>- h C1-8 and annular, an alkylester group and an 
JSv ^ ^ ^> alkylamide group, an alkyl carbonate group, a 

^MM^A^MM^MM) urethane group, and the terminal group as 

which it is chosen out of the group which is 
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M y £tzl<lWM'ceh& ^. t moreover made up of a trialkylsilyl group. 

* &m t-tz> 7 mm <d # 

Wo 

[fft^Sf 9 ] [CLAIM 9] 

9M0^M&MM& T The content of an organic polymer is 0.1 to 10 

}Vzi^s-y =7 y oy^^iMftiKft weight-parts to 1 weight-part of products 

W&MfM&BM & frlXffi b ti obtained by the whole quantity of an 

<5 ^Jjjc^ 1 ffili m[5 i^f L T > 0 . alkoxysilane being made as for hydrolysis and a 

1^1 OiliS5^$)5:;£:l : :fi condensing reaction. The application 

Wt t Ih^R 1 ! 7 Xfi S (D WM composition for porous silica thin film formation 

^ ^ ^1 c. m t2 iffi; ^ 7 L t§£ ^ y - in any one of Claim 7 or 8 characterized by the 

Jf^/j&ffl ^J\iMl$L$)o above-mentioned. 

[i»0| [CLAIM 10] 

t & ) fn^ x R 7 ~ 9 (7) V ^-f A manufacturing method of the porous silica 

^Bic.^):#-f Lt* jil^M thin film in any one of Claim 1-6, in which (a) 

f$J$ jB^M^ The process which performs gelling reaction of 

Lfcf£; 0-3 0:01;^^!) * the silica precursor at 0 - 300 degrees C, and 

iftlE^^^ manufactures a silica / organic polymer 

y %/~4($krt* ] J ^^WL&i$M]\%: composite-body thin film after applying the 

( b ) y application composition for porous silica thin 

film formation in any one of Claim 7-9 on a base 

y 3 0 0— 4 5 plate, (b) Perform the process which removes 

QMX0£M 5 Ifti t &\ ( a ) the organic polymer of this silica / organic 

( b ) ttr o X$mirZ> Z polymer composite-body thin film at 300 - 450 

t iW^t T^W'^K 1 6 CO degrees C in order of (a)(b), and manufacture it. 



mWVBMtiMm] [DETAILED DESCRIPTION OF THE 

INVENTION] 



[ 0 0 0 1 ] 
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[Mmmmm^mm^m [technical field of the invention] 

IX %&Ui4W&)\l ©Piil This invention relates to the porous silica thin 

v- V 1j {zM't 6 4> WCfoo film for insulated thin films, comprised such that 

X\ ££'{.iisfcL< (i % itMM^ in more detail, a dielectric constant is low and 

/)M&< Xl^/tX\ Mfii'MMi&T. stable, the porous silica thin film which was 

}c i-3 I f & {k'¥-$kWtfB ( C iM extremely superior in the material resistance in 

P ) l.fiUcj.u J' <C)iif : Hf#t'l:i-^ the chemo-mechanical polishing (CMP) process 

*6 XMtitc&jl.Wi i/ y -Jj pg^ in a copper-wiring formation process, it is 

i4W$l'&.)\] CO MWMM^i £ B related with the application composition for thin 

^M^iiU'Mi' o film manufacture, and also its production. 

[0 0 0 2] [0002] 

[f : *©Si] [PRIOR ART] 

%JLW.<D i/Vjj mi&, Ifltt Since it has the outstanding properties, such as 

ft t'<7MfotcVrt>±&Jrl-&tzib lightweight and heat resistance, the porous 

WMWfflz Wi^lii^ silica is broadly used for a structural material, a 

icfpiHX <>H ^ ibnT> > catalyst support, optical material, etc. 

6 0 »M§i; ^-fLtiO^y For example, it attracts anticipation from the 

£k £V> point that a porous silica can make a dielectric 

5 b}W&£M#> X V ^ -5 b L constant low in recent years. 

S I (;t C * <?: "^-6 f- Generally as an insulated thin film raw material 

fo£MffiBffl^i$mmMBMM for the multilayer-interconnection structures of 

MM t L'C fi, y semiconductor elements including LSI, the silica 

jJM fc Hx^Ji-iilJi/^^'C # membrane precise formerly has been used. 

fc 0 V^ VjSi¥, L S I coffin However, the miniaturization of the wiring 

M 'Mm it<n-jM%fz ¥ o X density of LSI is being enhanced and the 

c\ti{Li¥-oX&fa±<DM distance during wiring with which it adjoins on a 

5 Stf&IBJ^>Hiftri s !fe* o-"t base plate in connection with this is narrow in 

So ~ «5 £ £ v MMWftMM recent years. 

*«V* £ ®mrti<Dffrm®&fr At this time, if the dielectric constant of a 

M^^, : ^m^WMBi&M^X connector insert is high, the electrostatic 

fcj£&ti 5 M&iW5j:<DMM MWi. capacitance during wiring will increase, and 

WtM&MM ^WMMteviXm since delay of the electrical signal 

Sod <£> <t o tl H3M£r Wtkt%> communicated through wiring as a result 
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becomes remarkable, it has been a problem. 
In order to solve such a problem, the lower 



i& v ^ 4-^3 M & 'J-li < bfriX \/ s matter of a dielectric constant is strongly called 

for as a raw material of the insulation film for 
multilayer-interconnection structures. 
On the other hand, as a wiring material, it 
replaces the aluminum of the past, lower 
resistance than copper is beginning to be used. 



®> --h\ $m m\t l-c s % 

mm 



A 



[0 0 0 3] 

l>m t LT, ; <®M¥4 -2 8 5 



pa 

32 5- 8 5 7 6 2 #2; 

$ (WO) $9 9/0 3 9 2 



[0003] 

As method of manufacturing a porous silica thin 
film, it lets a specific organic polymer exist in 
Unexamined-Japanese-Patent No. 4-285081 
together, performs sol-gel reaction of an 
alkoxysilane in it, and once manufactures a 
silica / organic polymer composite body, it 
removes an organic polymer after that and the 
method of obtaining the porous silica which has 
a uniform pore size is disclosed. 
From the mixture type of an alkoxysilane and an 
organic polymer, also in 

Unexamined-Japanese-Patent No. 5-85762, or 
international publication (WO) 99th / No. 03926 
pamphlet, a dielectric constant is very low, and 
the method of obtaining a porous silica with a 
uniform pore and pore distribution is disclosed. 



10 0 0 4] 

^jC, 0-2 5 3 5 

9 wmmz - 8 

8 2 3 Q^&mzit, T^-J* 



[0004] 

Furthermore, it distributes organic polymer 
microparticles in the oligomer of the metal 
alkoxide which contains an alkoxysilane in 
Unexamined-Japanese-Patent No. 1 0-25359 
and the Japanese Patent Publication No. 
7-88239, it forms the gel, it carries out baking 
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5l/jjc b v <3I £Wi&SM$tyM^ processing elimination of the organic polymer 

-T £r ^ jjjc l&afe L ~C , $H ?L ^ microparticles succeedingly, and the method of 

£M$P Lfc#?Ltt©S/-!J ate&lt obtaining the porous silica which controlled the 

2> HfeiS £ V pore type is also reported, 

b & . Z.fi ^.(DjJtlx'V t> C However, the porous silica which has sufficient 

M P I£e f£ ifoj x. S ct 9 fr x ' -Hfr mechanical strength which bears a CMP 

M^^^^^^^SSf^;^ process also by these method are in the 

y X itU h fiX l- vft v fo situation which is not acquired. 

So ifcfobfe -\ ts> That is, the dielectric constant was lower than 

9 $M*¥- fri£.< ~C v {£ the above clearly, and insulated thin film for 

WWA$rCfi^C M Pittt^H"^ multilayer-interconnection structures with 

f£%W\UMW&\$}% sufficient CMP resistance was not obtained by a 

ffi^WMW$$t£^&?Mi low hygroscopic property. 

[ 0 0 0 5 ] [0005] 

imW ftMik UJ: 9:i#S ^ [PROBLEM TO BE SOLVED BY THE 

SB] INVENTION] 

^ % ^ s h tfi IpI M^MIk^^ This invention solves the above-mentioned 

^(DX fa o T , #?Lf£ y problem, comprised such that the dielectric 

B<DltpMW\&<^^X\ M constant of a porous silica thin film is low stable, 

Mfo^T(VWMWMtemm& and it provides the porous silica thin film which 

§Mt M^C^6^M^WMM has the young modulus who bears enough the 

^t i/-L kW^t&4^ : il^^ CMP process in the copper-wiring process of a 

7L'f£^ y WWM v ^ semiconductor element, and hardness, the 

^M&fM^^&M^W^ application composition for thin film 

^{ft~t~>5 ii <DXh Z)o manufacture, and its production. 

[00 0 6] [0006] 

IMM^MBtt mmvmM [means to solve the problem] 

MM0f^MM^0W:0^K s # The present inventors repeated earnest 

52 W-fi- b liiMM^^MtrLMi examination that it should solve the 

^Vti mmik t toffij&M above-mentioned problem. 

'M&fcfeMk$'$ &MMCM> As a result, if a compatibility with the silica 

'MMWM t P^>7^ £ MgS/tr precursor controls the quantity and pH of the 
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©ffl jo J; W p I I &%fteoMi\Mte water and alcohol in an application solution in 

ffi$$^£$b i \ W£^<vMM^MM the specific range, using a good organic 

f$&MM$*?o. Mm^^M&^M^ polymer, in the thin film of the past, it expresses 

^ y r^v^lH t SrISfl the high young modulus which could not be 

e MPfftCf L < fSti>fe#?L attained, and high hardness, it discovers that a 

^o^i^WM^W^Vf hti%> £ t porous insulation-film material which was 

£BtBU ^S ^>\^y ] ) iJ^o^T remarkably superior in CMP resistance is 

>U#./VX"^ rfi«J$J i~ 6 £ t obtained, furthermore, by controlling the alkyl 

{g & ,<d % viiiiiil^ii group content in a silica, it becomes clear that a 

^^WM^M&M^t^WM thin film low a dielectric constant and stable is 

t>v MyrMrf S KI/ N fe o obtained, it came to perfect this invention. 

[0 0 0 7] [0007] 

Whs ^"-^J-Jf^ That is, this invention, the relationship between 

1 % HftJMft 0 ; 5 ~ 1 . 5 "t\ a density and hardness is expressed by 1 and 
WMkWM£<VM&$W$5M& density 0.5-1 .5 by the following relation (1 ), and 
j£ ( 1 ) T?!!£;rK TjV^tj^Vk the content of an alkyl group and/or a phenyl 
&Xf/Xtiy 3i ^MW&WA group is 5 to 100 mol % to all silicon atomic 
fi'^/r^ Mifr-tm^tt numbers. 

0 0 ^e/W%t?foS ^ £ &#$t<b The porous silica thin film characterized by the 

#?L-|4"> y ##J!& : , above-mentioned, 0.2+0.042e 24d 

0. 2 + 0. 042e 24d IS_LESS_THAN_OR_EQUAL_TO H 

SM^O. 0 4 2 e 42d ••■ IS_LESSJ"HAN_OR_EQUAL_TO 0.042e 42d 

( 1 ) *** (1)[however, in the Formula,- d is the density 

of a thin film, h shows the hardness of a thin 

unAmmmt^-K) film.] 

2 -, MMM Q . 5 r* 1 . 5 "C % The relationship between a density and a young 
^f :i^>ff:M33^:b©l modulus is expressed by 2 and density 0.5-1 .5 
tt&* (2) ~CM£iis by the following relation (2), and the content of 
7 /I'^/l'MRtP/Xlt 7 an alkyl group and/or a phenyl group is 5 to 100 
^ti^lX^^kb^/r-i ^MW-^-^ki' mol % to all silicon atomic numbers. 

£f L 5 ~ 1 0 0 -"E-/^%*C#> -5 £L The porous silica thin film characterized by the 

ki-Wmt-fZ^lLVM V: %M above-mentioned, 1 .5+0.1 6e 2 9d 

& IS_LESS_THAN_OR_EQUAL_TO E 
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1 . 5 + 0. 16c 29d < E IS_LESS_THAN_OR_EQUAL_TO 2.0+1. 5e 18d 

£2. 0 4-1. 5 e 18d • • • *** (2)[however, in the Formula, d is the density 

(2) of a thin film, e shows the young modulus of a 

(H. Lifclk : : dnmWk&%&, thin film. ] 



e ammo \ v vm & mm 
mm, j 

[0 0 0 8] [0008] 

3 v JilE zm0mm¥y %MM They are 3 and the porous silica thin film of said 
T*fcot v kW&k (O M% 2, comprised such that the relationship between 
$-.l\12KJ$iij£ ( 1 ); a density and hardness is expressed with the 

*m kir'6 i^dflfl: t V ts following relation (1 ). 

WM-< The porous silica thin film characterized by the 

0. 2 + 0. 0 4 2 e 2M above-mentioned, 0.2+0.042e 2 4d 

SH#0. 0 4 2 e 42d IS_LESS_THAN_OR_EQUAL_TO H 

( 1 ) IS_LESS_THAN_OR_EQUAL_TO 0.042e 42d 

( f H. L j£ l K d f j #m v> & $ ; *** (1)[however, in the Formula, d is the density 

H iZi4Nk<D6$il&. ^-7F"t" 0 j of a thin film, h shows the hardness of a thin 

4, 1 0 0 ix m«1?T?fc , film. 
S^SS^KP^ ] 

>l£IEl^#^f£^ y MM 4 and film thickness are 100 micrometer or less. 

The porous silica thin film in any one of 1-3 
characterized by the above-mentioned, 

5 , Wik(DW$.M$oXTf It includes 5, two or more insulating layers, and 
\zMf&& fctz$\LM&&'& l>* t£ wiring formed on it, it comes to comprise porous 

< k ■% 1 WM 1 silica thin films in any one of at least 1 layer 1-4 

4 (n\,^i*fo/MctrM(D £7Lt'l:i/ of this insulating layer. 

V %fflWi£ v )Wif$.£friX?j:Z>Z The multilayer-interconnection structure 

k ttVfWAkl- 6% Ifi IB B \U i£- characterized by the above-mentioned, 6, the 

semiconductor element which includes the 

6 > JnlE 5 l^-^M^^MMMM multilayer-interconnection structure of said 5, 



[0 0 0 9] [0009] 
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■f"HOiyiSG>ISI 

— ^ — 



5 T/U^^rv--> V^&J; 



ii^Milf 111! 



(WR) /jH). 0 1 



M M MMMM Mtftffofy 0 m B W. 



R 



n 



(Si ) (OR 2 ) 

4-n (3) 

/^££:*U. R 2 



6 ^[iim*7c:(i5>i^T^^ 



It includes the silica precursor which has as a 
main component the alkoxysilane expressed 
with 7 and the following general formula (3), 
and/or its hydrolyzate, and an organic polymer, 
it is the application composition for porous silica 
thin films of pH5.0-7.5, comprised such that the 
weight ratio (WR) with respect to the silica 
precursor of the water in this application 
composition is 0.01 

IS_LESS_THAN_OR_EQUALJ"0 WR 
IS_LESS_THAN_OR_EQUAL_TO 10. 
And the weight of water is larger than the weight 
of the alcohol in this application composition. 
The application composition for porous silica 
thin film formation characterized by the 
above-mentioned, r 1 n (Si)(OR 2 ) 4 - n *** (3) 
(In the Formula, r 1 expresses H or a C1-8 
linear, a branched and annular alkyl group, or 
an aryl group, r 2 expresses a C1-6 linear or a 
branched alkyl group. 
Moreover, n is the integer of 0-3. 



[ 0 0 10] 



[0010] 

8. 

At least 1 terminal group of the terminal group 
of an organic polymer is the aliphatic polymer or 
sugar chain which has a C1-8 linear and 
annular alkyl-ether group, an alkylester group 
and an alkylamide group, an alkyl carbonate 
group, a urethane group, and the terminal group 
chosen from the group which is moreover made 
up of a trialkylsilyl group. 
The application composition for porous silica 
thin film formation of 7 characterized by the 
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W^BBWMM0M, above-mentioned, 9. 

9 ■> M$kM y ^:^ ©^#«^>; The content of an organic polymer is [ the whole 

7^ ^ ^ 9 ^ (7^fi/j^j[l7K quantity of an alkoxysilane ] 0.1 to 10 

Mmmxm^mJ^MmM^ weight-parts to hydrolysis and 1 weight-part of 

^Siiiililli^il^^ products obtained by a condensing reaction 

0 . 1 - l Olfi^fc^r i being carried out. 

%:W(&t~tZ) SXyZTm^tl 6 or the application composition for porous 

^\c^tk<0^l\^i/ V silica thin film formation in any one of 7 

WM^M^M^M^ characterized by the above-mentioned, 



[ 0 0 1 1 ] [0011] 

10, (a ) 7 - 9(D\,^ttfrlZ 10. 

t&j|$ <£> ^7Lt£ if. ] J % WM]&f&} IJ (a) The process which performs gelling reaction 

WffiffiflS&fS £ -MR k MM U tz. of the silica precursor at 0 - 300 degrees C, and 

Iv 0 ^ 3 0 0°G'C i/ ] J Jj mill manufactures a silica / organic polymer 

i$m tffyMf&B £ # V & M0W composite-body thin film after applying the 

/MWl M3 ^ — K £ {$ M Ii£ £ M application composition for porous silica thin 

i«^6:nifS t , ( b ) iV!i */ film formation in any one of 7-9 on a base plate, 

^HaK !i ^—M&iW^vyfiM (b) Perform the process which removes the 

xjv y * — £ 3 0 0 — 4 5 0 °C 1? organic polymer of this silica / organic polymer 

WWsM^Mk^ ( a ) ( b ) composite-body thin film at 300 - 450 degrees C 

!l:tT-Kl5£t&: ^# in order of (a)(b), and manufacture it. 

t irZ) i ^ 6 (Di^tt/jM-iE It is related with the manufacturing method of 

(^m^MU^^m^W^M the porous silica thin film in any one of 1-6 

%cD^feSo characterized by the above-mentioned. 

10 0 12] [0012] 

^£ty](D _HfB J; (D The above-mentioned composition of this 

W$$$L invention and many other objectives, many 

, properties, and many profits become as is 

i£$B & $i TO J: TO^fSffi <D evident from detailed explanation of this 

$1 % <f> 0 #^M<£> invention which it describes below, and the 
MM M^o '{'Cir <£> publication of a generic claim. 

W <®«*^*fc»$i mm$m In order to make understanding of this invention 

V >ilM ^'J^^ <5 o : ^T^x easy, it enumerates many fundamental 

P %WMfcMM S ^lv ^§3 characteristics and the desirable aspects of this 
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ir i l'-CJIJ^6ix<D->y i £ invention. 
fi\ 3S^HHfc#j (S i O2 ).'<£> Hereafter, it demonstrates this invention in 

m^am M^mMM^M M detail. 

iJjl7&'Tr , t"<5 > R 1 x Ily S i O In addition, about the silica used in 
(2-(x+yy2) (^CK R 1 fijKs^^C 1 this-application specification, to everything but a 
~ 8 O filets X cm silicon oxide (Si0 2 ), it has a hydrocarbon and a 

/l#&#5§;. At hydrogen atom on silicon, r 1 x H y SiO ( ?-(x +y y?) 

£rf&L N 0^x5 2, O^y ^ (R 1 , expressing a C1-8 linear, branch and a 
2» T?fc-<5 0 ) £ fa <5 "b <£> £r cycloalkyl group, or an aromatic group in the 
2r<LP 0 Formula.) 

0 They are IS_LESS_THAN_OR_EQUAL_TO 
x IS_LESS_THAN_OR_EQUAL_TO 2 and 0 
IS_LESS_THAN_OR_EQUAL_TO y 
IS_LESS_THAN_OR_EQUAL_TO 2. 
One is expressed with this is included. 

[001 31 [0013] 

M%mmMbfc&gWMmi)i$ The density of a thin film of the first 

BM<$MU&WWti$i i-MB&M characteristics of the porous silica thin film 

B£fc 0. 5g/c c ~ 1 . 5 g obtained by this invention is 0.5 g/cc - 1 .5 g/cc. 

ilx ^iivSlMiSIK The young modulus and hardness in the range 

U. it 6 ^ >' ^"-t- $1 £ 7 A t ®§:jjg of this density are expressed with the following 

m (2) -C relations (1 ) and (2). 

i^HS^feSi 1. 5+0.1 6e 29d 

1 . 5 + 0. 1 6 e 29d <E< IS_LESS_THAN_OR_EQUAL_TO E 

2. 0+ 1 . 5 e 1 8d • • • IS_LESS_THAN_OR_EQUAL_TO 2.0+1 .5e 18d 

( 1 ) *** (1 )[however, in the Formula, d is the density 
[{ft L i£'|\ d t$MM0-W'M % of a thin film, e shows the young modulus of a 

E am^-Y B %B & w * £ thin film. ] 

/j<1"o ) 0.2+0.042e 24d 

0. 2 + 0. 0 4 2 e ^SH IS_LESS_THAN_OR_EQUAL_TO H 

SO. 0 4 2 e 42d • • • IS_LESS_THAN_OR_EQUAL_TO 0.042e 42d 

(2) *** (2) 



ft L^'t s H'MMM^^M (i g [however, in the Formula, d shows the density 
c c ) v H fcM^fiWM ( G P (g/cc) of a thin film and H shows the hardness 



10/19/2004 



16/64 



(C) DERWENT 



JP2002-173641-A 



tBSOSSGOOO BCtTX- $ . 



a ) &si<i- 0 3 (GPa) of a thin film. ] 

fc t mM'i ^l§PflcO#?L#. y For example, when the density of the porous 

# $H£<0&j£^ () . 5 0)i£&\c silica thin film of this invention is 0.5 

ii-V y 'y^-y-AiP'l. 5 G Young moduluses are 2.5GPa(s). 

P a "CL^fclJii^^O. 3 4 G And one of 0.34GPa(s) is obtained for 

P a cotco^mf^tiTfc 1 ? , £ hardness, this thin film expresses the CMP 

<D f x$i)ffll& it XIE M & ( 1 3 resistance in a copper-wiring-ized process. 



[0 0 14] 



iwifisiPiiii 

tt<f> ) i ; 

■<kW£o ,1 ') f '-"V > '/ :J i *J*. 7 x 
^tui^ <L- v .klE^ ik 9^GM P 

C M P *p mmti f-*f UtaMgS 



[0014] 

With a CMP process, when embedding copper 
which is wiring the slot in the insulated thin film 
formed of the etching process, excessive 
copper surely remains on an insulated thin film, 
therefore, it is the process which grinds and 
planarizes this surface. 

However, a compressive stress and shear 
stress are applied not only to this process 
abortion marginal thin film but to both barrier 
thin film on this thin film (it deposits the silicon 
oxide usually called P-TEOS of the several 
hundred - several thousand Angstrom on an 
insulated thin film). 

If a young modulus is high like the thin film of 
this invention, the stress with respect to the 
stress applied into the above CMP(s) will be 
strong, and plasticity-destruction of the thin film 
itself will not take place. 

Furthermore, since hardness is also high in the 
thin film of this invention, to the stress in CMP, 
there are few deformations of the thin film itself, 
between the barrier membranes which differ in 
hardness, a stress distortion does not occur and 
exfoliation, destruction, etc. of < and a barrier 
membrane do not take place. 
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[ 0 0 1 5 ] [0015] 

$S&fcO . 7 — 1 : 2 0MM\Z A density is more desirable than the balance top 

& 5 § ; '■■■'M gTsg. v?a 7 x N 5ft' of in the range of 0.7-1 .2, and a young modulus, 

l^]^MMt^mimmM^ hardness and a dielectric constant. 

Wmm^m-iB&mmmm When a density is smaller than 0.5, a thin film 

/]>£ V MMm^mRMmxM stops bearing CMP. 

< ^So ii T (c^Jj£^ l . 5 Conversely, a dielectric constant becomes 

^ 6 <!r l:b^?l^/jvfwi< ft *9 f-^ higher too much and is not desirable if a density 
tft$C < m >i m exceeds 1.5. 

tfc^ V W\% M Z. 0 M d & fii % It is contained in the application composition for 

^^7^^ MtiRF^lt^^ porous silica thin film formation so that it may 

©fiv ■ MW$&£MWM^& mention later that the porous silica thin film of 

^^WS^MWM Il^/ffij7£^ 4 1 this invention shows such a high young 

(1)^;M^iuiE^ modulus and a high hardness, (1) The 

3 W^ : £ : &ffi^^$¥MP$ compatibility of the silica precursor and an 

X\ (2) ^ fcicif^^#|I^#^ © organic polymer is good, (2) Moreover, the 

7K i T'/i^^ — /i-M/J^>Airffi(c^ water and the amount of alcohol in this 

$P£tK (3)*^o^"^fj IIL/^^ ^ application composition are controlled by the 

(Vp H&&fcmm^mm specific amount, (3) It is attained when pH in the 

^k$W&^^^f$&M&o application composition of a parenthesis is 

controlled by the specific range. 

[0 0 1 6] [0016] 

^mm^^Wm^^mWm Although the porous silica thin film of this 

i&rp IC^AUt feir&tZ'k fcfcfc) invention has a porosity in the structure, about 

t>-f Z (D £ o teM'Y y y tf ^y =l the reason which expresses such a high young 

5 'mi, M mM^m^Mmm^ modulus and a high hardness, it is not clear. 

ov>TttP^?jfei;ii^V^\ WW However, if it shall form into a film passing 

WfiiKl^XM TS o 1 -Gc 1 through the sol-gel process as this thin film is 

S e i e n c e J ( C . J .Br temporarily described by documents "Sol-Gel 

inker &G. W. S c h Science" (C. J.Brinker &G.W.Scherer work, 

ere r ^ v Ac a dcrai c Academic Press, 1990 issue), the sol particles 

P res s v 1 9 9 0^-^t) which are the structural units of a diaphragm 

tdfLiic £ £ 5 ;]/ structure will carry out a grain refining, the 
|S £r X £fi distribution becomes narrow, and the combined 

WtirZ) W^ffiykOWifjfo state between sol particles and the associative 
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U & 'C h § •/ >\« %il I ffi llll M {t strength between particles are reinforced, and 

U %0:%MMM & ") v £ tz the diameter of a porosity considered to exist 

"/juni-m co^i^tK J *ft 7-|?fl among the particles in particles moreover 

fti'frjj&%Hk&ti s £ ZfcftLl- becomes smaller, and it is considered since the 

1 1 ' jo cfc ZPfttf- ff »J {-{E-f b 3$ diameter distribution of a porosity etc. became 

x. bfcZ>'£:tl£kfr>hts narrower as compared with the membrane of 

mmmmmmm&mmmmm the past. 

[0 0 1 7] [0017] 

PJ1 CO ^hFL-Hi !) # #lfl?© & The 2nd characteristics of the porous silica thin 

—(DW{k\~i., Wb. x ¥\z.T : /v%-A' film of this invention are containing an a Iky I 

jK&tf/XfiT 9 —iv&lt^r group and/or 5 to 100 mol % of aryl groups to all 

-i L 5 ~ 1 0 0-t silicon atomic numbers in the structure. 

/>%^if5i«fc^ -:^m A hygroscopic property is remarkably improved 

$c J; o X%%(D ^7Lt4 v- WjM by this to the porous silica thin film of the past, 

9Klc*f LTt]#?Mtt^# : L< i&fff and a raise of the dielectric constant by the time 

£ ti^ J; -5 itM til of the warp of a thin film takes place and is 

ililil ^ >MMfcM stable with this. 

3 o T * /i^ AC & V/ X m T 'J Since a thin film becomes it water-absorbent 

ft 5 ^ A- % Ji* T "C <fc 5 that an alkyl group and/or an aryl group are 5 

t ^ MBfcmMmz&m^WM mol % or less and the dielectric constant of a 

<7)]-t^gi4i^^J*^J(C.i;#-r'-& thin film rises time-dependently, it is not 

£ < mn m^^hb desirable. 

ft 10 0 >w- % £rfil x. <5 Conversely, if these groups exceed 100 mol %, 

£ > ;jf^.1"5 4: 9 &$!£4jliJi:;^ thin film hardness which is desired will not be 

#S>'*t.fcW T/u^^MRU/ obtained. 

XltT V —/uJkc/yfiiilkft i o Since the effect of this invention shows up more 

~ 9 0 ^/u%-e& 5 t v *M notably that it is 10 to 90 mol % of contents of 

CO $ 9 m'ti \cmi '6 <D ~Q an alkyl group and/or an aryl group, it is more 

tWlU\ T;v*/vmikx$ preferable. 

/ Xli"/ y —/^Mib L-~CM£ L As for a group desirable as an alkyl group 

V / fvuA^ -cfv^, and/or an aryl group, a methyl group, an ethyl 

7"r tVi^S, WfrWMm 7i- group, a propyl group, a butyl group, a phenyl 

■/&Wfe^WVfW&&&%' ^SiCO group, etc. are mentioned. 
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I? f ^ ; ^-idS ^ L V ^ o However, a methyl group is especially 

m^^m^mmmmm^ preferable in this. 

(^^^M^^ : JS^M$^^S Next, it demonstrates the production of the 

IKI^fc £ WkwMik application solution which contains the silica 

W^c^MM^i^^M^W^^^) precursor and this precursor first among the 

m ^mm&mvmB^mm productions of the porous silica thin film of this 

^ti6h(D^n^\\ invention. 

This invention is not limited to the following 

publications. 

IGO 1 8] [0018] 

^ V v Tffl V v 5 S i M ~C As a detailed example of the alkoxysilane which 

# 6T/^ ^ ^ri/i/y y0Mt$$) can be used in this invention, the silane which 

^lillv lfillii^ has an alkyl group and a phenyl group on a 
WM'&fcWfe cK silicon atom first is suitable. 

Wi'S^^^^Wii'CfoSo M For example, a methyl trimethoxysilane, a 

x_(£v / ^Mh ] J J h^i/isy methyl triethoxysilane, a methyl tri-n- 

/ ^-/W h y ^ V^ri/iyy propoxysilane, a methyl tri-iso-propoxysilane, a 

^ ^/P H y — n — n xK # & methyl tri-n- butoxy silane, a methyl 

7^ ^ ^71/ h y — i s o — 7" tri-sec-butoxy silane, methyl tri - ert-butoxy 

p vjv^r -y-yy >\ $*F-)V K V — silane, an ethyltrimethoxysilane, an ethyl 

n — h i/i/y % h triethoxysilane, an ethyl tri-n- propoxysilane, an 

y — s e c —y* Y^yi/yy ^ ethyl tri-iso-propoxysilane, an ethyl tri-n- butoxy 

Xf^ KJ - - e ; r silane, an ethyl tri-sec-butoxy silane, an ethyl 

i/is y y s oi^/i/ h y ^ Y ^r i/ tri-tert- butoxy silane, n- propyl 

S# y h y i/ trimethoxysilane, n- propyl triethoxysilane, a n- 

WS- 31 I" y — h — 7" n # propyl tri-n- propoxysilane, a n- propyl 

^.^/P H y — i s tri-iso-propoxysilane, a n- propyl tri-n- butoxy 
o — ~f p M 5ri/ iyyi/^ 30. silane, a n- propyl tri-sec-butoxy silane, a n- 

h y — n — y\ b^y v/^ V v S propyl tri-tert- butoxy silane, an i-propyl 

# /k h y — s e c —y^ hAyi/ trimethoxysilane, an i-propyl triethoxysilane, an 

y >s - t .e,f. t — i-propyl tri-n- propoxysilane, an i-propyl 

^ h ^^yi^y >^ m^MM&ffi tri-iso-propoxysilane, an i-propyl tri-n- butoxy 

silane, an i-propyl tri-sec-butoxy silane, an 

W^h -V ^ Y : M&& y-y\^ : xi\— i-propyl tri-tert- butoxy silane, n- butyl 

-fn tf /i/ 1- y^n—ytW^^i/ trimethoxysilane, n- butyl triethoxysilane, n- 
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-77 7, : n --fvi tW |. y ^ i 
s o ~--/u ;j'-V-->v-7 y, n : t* 
'/n fcVk b y - n -zf .h&iti'' 
7>v n -'/v. fcVk h y - s e 
c -:/ h 77 7 7 % n -/d 

7 7 y v : i -:/w kvi^ h y y- v 
a- v- 7-77, i - y u tvu h- y 



i -y'n t°ju h y - i s o - 

7, i - fe°/W 
J* y - n - y ^777 7^: i 

- -/ i-j V !J - s e c - "/ h 

%7-^7 7, — : ^mwm><» 

- L c r t - 7* h-Vi/i/y 7 N 

II - '/ -J' )V h y 7 h =^ y 

y m ■ n ^yyyKKiJ - it-? 0 

y ^ i s o - j u m * -y 7 -7 

7, n •/:/-/H-y-n-7'h 

=V- 7 7 -7 7 % ti - J--J-/V h y - 

s e c — '/ V -X-yi^y 7, ■ ■ n — 
F!)-t e r t-'/h^ 

77, n--/Jyu h VVx- 
■y'yyy, s e c^fit 

h y ^ h^77-/y, s e c - 
7'-/vI^- i h y at h -V '7 7 7 
7 S s e c - '/^jV- \- y — n 

7" n * -V 7 -7 7 7 s c c - 
-f y'rjV- I> y - i s o--/D!)l 

7 -7 -7 7:;, s e c -y'^/U— 
l> y - n > ^y 7<v s 
e c —y-f/U— h y e e - 
•/h-\-7->7 7 s c c -7 ' 



butyl tri-n- propoxysilane, a n- butyl 
tri-iso-propoxysilane, n- butyl tri-n- butoxy 
silane, a n- butyl tri-sec-butoxy silane, a n- butyl 
tri-tert- butoxy silane, n- butyl triphenoxy silane, 
a sec-butyl trimethoxysilane, a sec-butyl- i- 
triethoxysilane, a sec-butyl-tri-n-propoxysilane, 
a sec-butyl-tri- iso-propoxysilane, a 
sec-butyl-tri-n-butoxy silane, a sec-butyl-tri- 
sec-butoxy silane, a sec-butyl-tri- tert- butoxy 
silane, t- butyl trimethoxysilane, t- butyl 
triethoxysilane, t- butyl tri-n- propoxysilane, a t- 
butyl tri-iso-propoxysilane, t- butyl tri-n- butoxy 
silane, a t- butyl tri-sec-butoxy silane, a t- butyl 
tri-tert- butoxy silane, a phenyl trimethoxysilane, 
a phenyl triethoxysilane, a phenyl tri-n- 
propoxysilane, a phenyl tri-iso-propoxysilane, a 
phenyl tri-n- butoxy silane, a phenyl 
tri-sec-butoxy silane, a phenyl tri-tert- butoxy 
silane, etc. are mentioned. 



10/19/2004 



21/64 



(C) DERWENT 



J 



JP2002-173641-A 



liiilpl^KMBi;; 



im— ———iii i in i- i, m ; 



As- K y L e r t 7 h ; # :>< 

-yy^, t -y=f/u h y y H * 

«^ v : t; ;- : # y t 

* W y y , t - 7"fvw h y - 
n -7° P/tf^v-v-y y % t — :/ 
y^/VhV - i I s o -7° P /K^y 
-> y y, t. :/-/vl^ N 'j - ri : 
-JV*y y 7^ t - N 
y y s e c 7' M^v- v-y > \ 
t ^^/l^ h y- It : e r t :-- ^ 

h^iyv-y y, y -j-.T- h y > 
h^y-y yy, : : y^^/yh 
hdr-yyyy, y*.~/ishV- 
n -y°P/!f A- -y v- y y^n 

h y - i s o ^utMtfmm 

7^, /I* h y - n - ^ h 

-V- -y y y, y ^ m M y - s 
e c — y" h ^r-y yy >y y^ — 

/V K y yi- : t e r t f> # v- 

y^;W#^»;S, 

[00 1 9 ] [0019] 

A^W)\ X C. t .L © ?' Km -V- -y •> In addition to the above-mentioned 

y V'lfiJiW^ HL'Y(DT/^=t^- alkoxysilanes, it is sufficient to mix and use the 

yyyy&\\i& LX^^Xh X following alkoxysilanes in this invention. 

V\ yhy^ Y$ri/i/ For example, a tetra methoxysilane, a tetra 

?Sv r h y "f- h -V- y y y y , ethoxysilane, a tetra (n- propoxy) silane, a tetra 

y by ( n • "/ 1 j tK -V- y ) -y y (j- propoxy) silane, a tetra (n- butoxy) silane, a 

y\ yhy ( i — y"n /K^-y) tetra (t- butoxy) silane, a trimethoxysilane, a 

$•? y > yr \-y (n ■ y" -\- -y) triethoxysilane, a diphenyl dimethoxysilane, a 

*yy y h y ( t y" N.-V-y) diphenyl diethoxysilane, bis (trimethoxysilyl) 

y'yy, h V / h -V- yyy y % methane, bis (triethoxysilyl) methane, the 

h y ^ h*->v"/y ^7i= 1,2-bis (trimethoxysilyl) ethane, the 1,2-bis 

/u-y/ b^-yyyy^ yy^~- (triethoxysilyl) ethane, 1,4-bis (trimethoxysilyl) 

;ui/-n.Y^-yyyy < f'y (b benzene, 1,4-bis (triethoxysilyl) benzene, etc. 

y / h'\yyy jv) tVy s t. are mentioned. 



10/19/2004 



22/64 



(C) DERWENT 



3 ( hV ^ $ ^ V ^ Among these, a tetra methoxysilane, a tetra 

>V My^M^My*. ( h y ^ E;t£ ethoxysilane, a trimethoxysilane, and a 

y PS) Y^M&M^^™^ triethoxysilane are especially preferable. 

7> ( h y ^ h 5r vsZ/ y 7k) WM It is good also considering the partial-hydrolysis 

Si ,-, 4 • — ;^.^';;i:Xl: ; iy :: # : - ;: ^^ thing of alkoxysilanes as a raw material. 



( h y h^ri/yjj/l/) 

vMv te¥frmfhtiz 0 mm 

^y :^ 1^;* 



[0 0 2 0] 



^ F^^i/7y; K y -7 * *s 



[0020] 

Furthermore, in order to modify the porous silica 
thin film obtained, it can also mix the 
alkoxysilane which has two to three hydrogen, 
an alkyl group, or an aryl group on a silicon 
atom in the above-mentioned alkoxysilanes. 
For example, a triethyl methoxysilane, a triethyl 
ethoxysilane, a tripropyl methoxysilane, a 
triphenyl methoxysilane, a triphenyl 
ethoxysilane, a phenyl dimethyl methoxysilane, 
a phenyl dimethyl ethoxysilane, a diphenyl 
methyl methoxysilane, a diphenyl methyl 
ethoxysilane, etc. are mentioned. 
The quantity to mix becomes 80 mol % or less 
of the total number-of-moles of the 
alkoxysilanes of a raw material. 
It may not gelatinize, if it exceeds 80 mol %. 
At least 1 type of compound chosen from the 
above-mentioned compound, the part of this 
compound or all hydrolyzates, and also 
hydrolysis and a condensate are also contained 
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A % i'Kii^i VMt L $ V ^4ii- in the alkoxysilane of this invention 



[0 0 2 1] 



tBi^WMM^ y ^~ 

fggt £ * sfc 3 ;« figgg & % W $ M 

y -e - e h s x , /j >o $ >k y 

— <D^m&<7)'Mte< t h "OCT) 



[0021] 

As the organic polymer suitably used by this 
invention, when a coating film converts into a 
porous silica thin film by the heat baking 
processing which is mentioned later, the 
thermal decomposition temperature is low, and 
compatibilities with the silica precursor and a 
silica are the main polymers which it has as a 
structural component about a good aliphatic 
polyether, aliphatic polyester, aliphatic 
polycarbonate, and aliphatic polyanthus hydride 
and also a sugar chain, comprised such that at 
least 1 terminal group of the terminal group of 
the polymer of a parenthesis is chosen from the 
polymer groups in which the compatibility with 
the silica precursor modified with a good C1-8 
linear, a branched and annular alkyl-ether 
group, an alkylester group, the alkylamide 
group, the alkyl carbonate group, the urethane 
group, and the trialkylsilyl group. 



[0 0 2 2] [0022] 

iP^-ia:i;iif|:2:iii A 1 type may also use 2 or more types together, 

±£rf)f-ffl L-"Ct><fcl^U, Cltiib and a polymer may use the copolymer of the 

CO >K y -y — 0Mj$ i|t{V/; x* h & -e- monomers which are the structural units of 
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J if 5 U^it-Jl^^^^ n these polymers, and a block copolymer and the 

v \/%®Mife&M$}. copolymer of other monomers and polymers as 

W^^fcM V desired. 

f£ ffi i/ N T J: ^% ■ ; £ Furthermore, the principal chain of an organic 

ffll^W^^&^EMlt, ^3£ty]CD polymer is the range which does not impair the 

W$%MM&^$fcW$i ±Td effect of this invention, and may contain the 

&i^0MM0M *9 M LWi^fi polymer chain which has repeating units as 

W%> M V M lliSi^fi:^ desired except for the above. 

W Sfcv ^^^(D^ciSij^ti Moreover, the terminal group of this invention is 

MiMfot (D^m^¥fK since it is good specially it is compatible in the 

& © ~£ ; y$V MMb b silica precursor, the branched-polymer way has 

T^fe'^y ^^-{5 9#^T-F^]^ in the molecule more many terminal groups now 

£*0£,< (DMii$W&fti- &Z. t and is desirable as polymer form. 

^W^^^y ^^ LV\ Z.mM In such a case, as for the branch part, it is 

oteMft, W&MU '/V±v desirable that they are the structure which at 

least 3 of the hydroxy I groups contained in the 

P — ^ s ^ V ^ ^ W^S- h ^ : Mi< sugar chain represented by a glycerol, an 

^y^K^/K ^y^~^\^ erythritol, an erythrose, a pentaerythritol, 

*v ■^•■^X;-*7 P pentitol, the pentose, the hexitol, the hexose, 

V — ^fj: ¥ l&ftftg £ ti -5 ftlltt K. the heptose, etc. and an organic polymer chain 

-a t Kn^i/;i/S(D a% connected, and/or the structure which at least 

< 3 o i #f$8?K y. -v three and an organic polymer chain connected 

i?f&ffiffiMte<Tzffi£?t Jkll/X among the hydroxy I groups and carboxyl 

fi b K.u # StiSvt: groups which are contained in a hydroxy I acid. 

[ 0 0 2 3 ] [0023] 

ISit^A^^^^ct LTIiv ^ As a detailed example of a sugar chain, a 

y ir 7W V y y h^-/k, glycerol, an erythritol, sorbitol, a mannitol, a 

M/^ h — /i^, ^^tfe/k^ xylitol, a threitol, a maltitol, the arabitol, lactitol, 

y H ^/W, x i^>f h ^/i^s an adonitol, a cellobitol, the glucose, the 
h ^ T fructose, the sucrose, a lactose, the mannose, 

y y J^Y — /K T K~:/i^ the galactose, an erythrose, the xylulose, an 
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—XV it y x p— x x ^v'/kp 

— T/Po % y — * , 

feV-^, ^VV/V f^X#: r 

=>^S Yyfk, PwmdrV $y 



allulose, the ribose, sorbose, the xylose, the 
arabinose, the isomaltose, a dextrose, the gluco 
heptose, etc. are mentioned. 
As a detailed example of a hydroxyl acid, a citric 
acid, malic acid, tartaric acid, gluconic acid, 
glucuronic acid, a gluco heptonic acid, gluco 
octanoic acid, a threonine acid, the saccharic 
acid, a galactonic acid, the galactaric acid, the 
galacturonic acid, the glyceric acid, 
hydroxysuccinic acid, etc. are mentioned. 



[0 0 2 4] 



y z y tfyytit°uy'/ 

y 3 -/k #y ^ y-/fuy^ 

U $ y * y ^ m m 

y p 7f? y x 

y n— /k 4fy ^.df-f-y ^ 

(c>J< y -r.^f- yytf y -/ D t° i/> 

#3 p: - P y'J : i ;Ky e — 
ft ^'WT/UdrV !J p —/Miff 

7 /!> ->~/K 7;i/-V^-i- 



[0024] 

As an example of the aliphatic polyether of this 
invention, a principal chain can mention the 
alkylene glycols, such as polyethyleneglycol, 
polypropylene glycol, polyisobutylene glycol, 
polytrimethylene glycol, the polytetramethylene 
glycol, polypenta methylene glycol, 
polyhexamethylene glycol, a poly dioxolane, a 
poly dioxepane, and also a polyethylene 
polypropylene glycol block copolymer. 
Moreover, that in which the at least one terminal 
modified by alkyl ether, an alkylester, the 
alkylamide, an alkyl carbonate, urethane, and a 
trialkylsilyl is mentioned. 
The group of ether, ester, an amido, and a 
carbonate may be carrying out the direct 
chemical bond to the repeating unit of the 
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X^r/Wv T jv^iA^T 5 ;K N -MM. polymer terminal, and even if it has connected 

h > ^ together through an organic group, it does not 

care about it. 

T 5 FY 

[0 0 2 5 ] [0025] 

fia$fiifefi>$) :^^^/w©^iffiS:§r As an example which etherified the terminal 

=r^r->Ht Lfc#i| & l>T(i N ± group of an aliphatic polyether, one used at 

BclT/i^ uyff. y ^—/HHtf)^ least 1 terminal of the above-mentioned 

t -o^yk^i^r^JxifiV alkylene glycols as ether by a methyl ether, 

^jV^—'tjv^ '$^A^^^mM ethyl ether, propylether, a glycidyl ether, etc. is 

~f m WPm - t 1 - v ^ y i W$%M mentioned, they are polyethyleneglycol 

'^^^WWMM^^^M:M(^M monomethyl ether and a polyethyleneglycol 

fc-ff) fi^lf ti ft- H-f4^J i-fif^J dimethyl ether specifically, for example, a 

*K y V ^ if y b^i* polypropylene glycol dimethyl ether, a 

^-/^vi^— tvK /Jf y^f- polyisobutylene glycol-di methyl ether, the 

ui/Jf \) n—}V?yt^}yz±—-r polyethyleneglycol diethyl ether, a 

;i/ v ^!J 7 0 n t>y/ y /w polyethyleneglycol momoethyl ether, 

i/^ xyl/, ;/J< y ^ M ^ polyethyleneglycol dibutyl ether, a 

^ v >^ y ^ — /u>^ — polyethyleneglycol monobutyl ether, a 

y cnf 1 y -1—71/ polyethyleneglycol diglycidyl ether, a 

-y^^vi/^— y$ y xf i/ polyethylene polypropylene glycol dimethyl 

^ ^ y ^ —W^e j x^jXs^^m ether, glycerol polyethyleneglycol tri methyl 

/^v ^ y I> y : :;p^>W-^? ether, pentaerythritol polyethyleneglycol 

^^yi/oi— ^/u v ;K y xf- i/y tetramethyl ether, pentitol polyethyleneglycol 

^ y ; y z/^ fis i-i^ pentamethyl ether, sorbitol polyethyleneglycol 

Av y ]) ^--;Ui/ hexamethyl ether, etc. are used especially 

^ y ^yl^^^K ; :#y,rii^ preferable. 

^su /p.ev ^ y ^ 

^y * y ^ 

# y m^ i^ ^ y ^ -/H h y ^ 
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h mm W£ ^ y ^-/u- 
y ^ y ;^ 
F^/p>Ky ^^i/>^ v y ^ 

[ Q 0 2 6 ] [0026] 

^ ^ ^ Jjn Jtfjl/£ As aliphatic polyethers which have ester group 

^■y^^:^ in the terminal, one made at least 1 terminal of 

T/W^r i> V 9* y ^ ^/^Sw^^ the above-mentioned alkylene glycols an 

< b h~'^V)M^'fcffl^lt, Pfr acetate ester, propionic-acid ester, acrylate, a 

f^m^yvi/, ^nt^^l^^ methacrylic ester, and benzoate is mentioned. 

7VW y /H^^;*7vK ^ Moreover, it forms the terminal of the alkylene 

9M 'W : ^W^^0-MCtW^M^k glycols into a carboxy methyl ether, one 

TMk oyt£ if alkylester-ized the carboxy I group of this 

hfri&o T /^^^y> i^^U terminal is also used suitably. 

/u||(Z)^;ffi§r They are a polyethyleneglycol mono acetate 

ffite3&rr, z r )X'\\L ester and a polyethylene glycol di-acetate 

jJ-?V /}> specifically, for example, a polypropylene glycol 

x /Mfc L fe <D h kTM ttfflWfe mono acetate ester, a polypropylene glycol 

ti5 0 J^I^W(-(±^^(^ yK.y di-acetate, polyethylene glycol-di benzoate, 

y ^^-/i^y jlfti^a: polyethyleneglycol di-acrylic-acid ester, a 

polyethyleneglycol mono methacrylic ester, 

/i^lff^^x^^ polyethyleneglycol dimethacrylic-acid ester, 

# $ iJ^-^^iix^f polyethyleneglycol bis carboxymethyl ether 

/W y ^7° n t° w >^ y n — /k dimethyl ester, polypropylene glycol bis 

^ft'^^^7Vi/, /^y ^^v^ carboxymethyl ether dimethyl ester, a glycerol 

^ V ^^^i/^MixxT 1 polyethyleneglycol tri acetate ester, a 

/k % y ^^v^^ y /i/^ pentaerythritol polyethyleneglycol tetra acetate 

r ^ y /WPi^ ^ -r-zK ; y |t ^ ester, a pentitol polyethyleneglycol penta 

V ^ y ^"/i^ y ^ y /ix acetate ester, a sorbitol polyethyleneglycol hexa 

^ x yi/ • 7fv ; y Xs >:? y acetate ester, etc. are mentioned as a desirable 

^ ^ ju^ MP $ V ib^m '2* example. 
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/I/ J. -T- )V f y ^ f/PiXr 

y % m y * y K -;^y x p u 

H ^MM' V : ^uy 

>/' y 3, — ./V' ^ $ m M m M % 

[0 0 2 7] [0027] 

i©£ 7 s t if Soiii^ As aliphatic polyethers which have an amide 

V ^—"r/^'Mit L Xlt, .h.i'dco group in the terminal, it forms at least 1 terminal 

^ of the above-mentioned alkylene glycols into a 

< t &^®MM&0:&M& carboxy methyl ether, the method of amidating, 

^ fvWji--7vMt U after carrying out amino-group modification of 

"C"/ a \"{l',i Z>JjUl, l'. Kn-V- the method and hydroxy terminal which it 

-yMvlbittr i / )^Jt\iLfzh t amidates after it etc. is mentioned, specifically it 

MWM^ is polyethyleneglycol bis (carboxymethyl ether 

Ifbti. Mcfoififclt^ dimethyl amido), polypropylene glycol bis 

vy?\) n->vv:-A (carboxymethyl ether dimethyl amido), 

yj f/n-f/i/^^ =J-ivy X polyethyleneglycol bis (carboxymethyl ether 

K) „ -Al y\f\i y: v y >/ y n —,v diethyl amido), glycerol polyethyleneglycol tri 

\?M (^si/rf^y/ fvi^— r carboxymethyl ether dimethyl x amido, 

/Wy* %- K) s i\iy^v pentaerythritol polyethyleneglycol tetra 

yjf ]) =i—;i>Vx ('Jj/\/ti*y carboxymethyl ether dimethyl amido, a pentitol 

/ - J- ;i>i/^y-jvy ^ polyethyleneglycol penta carboxymethyl ether 

K) % y -lr V y >]s\) z^^f^y '/ dimethyl amido, a sorbitol polyethyleneglycol 

y =r— A- y y jj;u-4<5-y/ ffr hexa carboxymethyl ether dimethyl amido, etc. 

aL—^-jwy * ^jvt v ^ ^> are used suitably. 
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^> ^ h "/V/K y .T.f-i/^-^-y 



[G O 2 8] 

/l> ^-arV/Jf y _c f- 1> >-^-y 3 — 

% $/>j? y :r.f • U y -i -,v s 

my -mum v v y y zwm tr 

* t c r t : -•/ >3r 

•> y /Ht-c«. L/cii!i)i;j^>K y 

§■ So h y T/w^r/v-> y /t^tt 

i> % y -tf MmMm 



[0028] 

As aliphatic polyethers which have an alkyl 
carbonate group in the terminal, the method of 
attaching formyl ester group to at least 1 
terminal of the above-mentioned alkylene 
glycols is mentioned, for example, specifically, 
bis methoxy carbonyloxy polyethyleneglycol, bis 
ethoxycarbonyl oxy polyethyleneglycol, bis 
ethoxycarbonyl oxy polypropylene glycol, bis 
tert- butoxy carbonyloxy polyethyleneglycol, etc. 
are mentioned. 

Furthermore, it can use the aliphatic polyethers 
which modified with the urethane group or the 
trialkylsilyl group for the terminal. 
In trialkylsilyl modification, trimethyl-silyl 
modification is especially preferable and this 
can modify by the trimethylchlorosilane, a 
trimethyl chloro silyl acetamide or a 
hexamethyldisilazane, etc. 
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[0 0 2 9] [0029] 

ffCMIM^ 0 WmWMfrM tL C As an example of aliphatic polyester, they are 

im MV. ?3 m :Wm>WimM the polycondensate of dicarboxylic acid, such 
vy? tfV tVs' as the polycondensate of hydroxycarboxylic 

mmw^mmmm/mmm acid, such as a poly glycolide, a 

Mf\'ftfA\->y 's b >-</)\'>\m<K{Y polycaprolactone, and a poly pivalolactone, the 

% ; to X M y ^ pj- dr- -y- ring-opening polymer of lactone and a 

1- — K /Kllxf i/y^^^ polyethylene oxalate, a polyethylene succinate, 
- ■ # y i^^r v^<- h ; a polyethylene adipate, a polyethylene 
T^V ^^M/mmm mU sebacate, a polypropylene adipate, and the 
•7°p t° i/yT^- - K yfs y -4- polyoxy diethylene adipate, and the alkylene 
mj&^m&Mm?^mM§W glycol, and the ring-opening copolymer of 
^ # >i M £ r wmm* & y epoxide and an acid anhydride, comprised such 
t^fcmmmm: mmm that it can mention one modified with an 
:r-A'i* K £ ft«S/k#J t <V\Wm alkyl-ether group, an alkylester group, the 
If^illivllill^ alkylamide group, the alkyl carbonate group, the 
(D & f £< k.t> ■'loy-kmcr >v urethane group, and also the trialkylsilyl group 

to at least 1 terminal of this polymer. 



/\< -X- ;P jj - - Y i> v 9 

y$si$ b(c(i h y T/u-^/wv-y 

[0 0 3 0] [0030] 

JIBflM&K-y. ^ - *^r- As an example of an aliphatic polycarbonate, it 

LXli, rtMMt LT# : !/ ;n can mention polycarbonates, such as a 

^w-Wj— tf'^— K /Ky polyethylene carbonate, a polypropylene 

fu-:/* — h, /Ky^i^ carbonate, a polypenta methylene carbonate, 

^^^l^^^-7p^— K, ;Ky and a polyhexamethylene carbonate, as 

sMr-'IM *P v y p. ^ principal chain part, and can mention one 

CO^K y ^7—/^— h £J£ff modified at least 1 terminal of this polymer with 

t $ -C t \ & ti? y — © /> t£ < an alkyl-ether group, an alkylester group, the 

<b£ ( ' T/u^r/U --r - - alkylamide group, the alkyl carbonate group, the 
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urethane group, and also the trialkylsilyl group. 



[0 0 3 l ] 



HI'*' 



mt 



[0031] 

As an example of an aliphatic polyanthus 
hydride, it can mention the polycondensate of 
dicarboxylic acid, such as a poly malonyl oxide, 
a poly adipoyl oxide, a poly pimeloyl oxide, a 
poly suberoyl oxide, a poly azelaoyl oxide, and 
a poly sebacoyl oxide, as principal chain part, 
and can mention one modified at least 1 
terminal of this polymer with an alkyl-ether 
group, an alkylester group, the alkylamide 
group, the alkyl carbonate group, the urethane 
group, and also the trialkylsilyl group. 



'.v :•: 



r 



[0 0 3 2] 

^1 0 0t5> Pj 1 0 0 



•TT7 



3 



[0032] 

As for the molecular weight of an organic 
polymer, it is desirable that it is 1 million from 
tmi-t LW 10 0 100 in a number average. 

Ml$iX-h6 TiMtfV-*~fj> If a porous silica thin film with a porosity it is too 
v-y is/ jimniV-s— quick removing from the silica / organic polymer 
fefrfofr h pfcife £ tiZWi&l- composite body which an organic polymer 
M X\ ffiMi' 5 J; : 9 mentions later as molecular weight is less than 
mMzmmm-mmmim 100, and is desired is not obtained and organic 
tt&V^U 4iM^ ] J -r—^fya polymer molecular weight exceeds 1 million, the 
3 vi 0 0 £ ffi x. 3' £ ', f i speed from which an organic polymer is 
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r. ti ?,7i CMP ifitff I-; 56 JJJ.1 < '6 



removed is too slow shortly, and since an 
organic polymer remains, it is not desirable. 
Particularly the molecular weight of a more 
preferable organic polymer is 200-50,000. 
In this case, a porous silica thin film with a high 
porosity which is desired is obtained very easily. 
What should be observed here seldom depends 
for the size of the porosity of a porous silica thin 
film on the molecular weight of an organic 
polymer, but is a thing uniform very small. 
Since high CMP resistance is expressed, this is 
very important. 



10 0 3 3] 



[0033] 

i$ y *?—<p The additional amount of the organic polymer in 
(A, TjU:->*i/i/y>M this invention is 10' 2 -100 weight parts to 1 
L 10' 2 ~ 1 0 0 weight-part of alkoxysilanes, preferably it is 



-1 



1 10" 1 -10 weight parts. 



0 



[mMXfoZ>„ ^]'l^/Ky -v-- Even if there are more additional amounts of an 

vyW)\\nc/£ I 0" 2 IliM^ organic polymer at least than 10" 2 weight part 

ft < Xh. 1 0 OlTrfil^ct 0 # than 100 weight-parts, the property of a porous 

< Xii, &Hfo(D&fetfl%ti-f substance does not appear but it is lacking in 

Mmm^ LV\ practicability. 



[Q 0 3 4] 

X h 5 /' A- ^ -X- i/^yy a) jjn 

t^mmxmmmmm^m 



[0034] 

Water is necessary for hydrolysis of the 
alkoxysilane which is the raw material of the 
porous silica thin film of this invention. 
As for adding of the water with respect to an 
alkoxysilane, it is common to add as alcohol 
with the liquid or an aqueous solution. 
However, it is sufficient to add in the form of 
water vapor. 
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All £ MB. i- \ j 5 k > T /V m -\- y If adding of water is performed rapidly, since 

>'<^M$i!- X -■> X IXhW&ft hydrolysis and condensation are too quick and 

M t 'Mii u /MM-'V ^XfcWz'Ai C may produce precipitation depending on the 

S MMMfo 6 7i#> % MmMBM kind of alkoxysilane, it spends sufficient time for 

Itft teWflfr frl12> y iS; ik£ adding of water, in order to make it homogenize, 

-&Z>t:fo\'T m •-■> —;V ti E co ffi it lets solvent, such as alcohol, exist together. 

';M- J(H7 : $ it 3 , \&UXWl\\-j- It is low temperature and the procedure of 

5\ M&&0&WMMMJm3M adding is used individually or in combination. 

[0 0 3 5] [0035] 

7 jv m # m ^ ?;f : % WW® fcfe It hydrolyzes an alkoxysilane in the presence of 

T , All 7K ftM LX-yy J —Mz. water, and it becomes a silanol, next, it grows to 

ft <9, lk\z. } yy j -/uffl coffi the silica precursor of the form of an oligomer 

"nlxlktcj; <9 c yv%-y-y which has a siloxane bond by the condensing 

; fYi" & >J~ 'J - i's—ViV) y y 1) \{\\ reaction between silanol groups. 

mfc^ k £.%rP& 0 i © i 5 (c: Thus, the way which makes the alkoxysilane 

hhh>C TM -< A- ~yy s y$: the form of an oligomer beforehand mentions 

ir V =r-?-ft\c LTfc < f$ 9 later, (1) The viscosity of the applied liquid for 

M; f&KH"<5,fc 9 ( 1) ^fll thin film manufacture goes up moderately, 

IIft^ii»Iitli:{£ therefore, it can secure the preservation of a 

©%©^v-il©liM!i coating film and can make film thickness 

m X€mm&Wr- Wm^m uniform, (2) When the silica precursor moreover 

(2) i$bK'yy -frmMW-& / f gelatinizes, formation of a silica skeleton takes 
W\& Zmft^, is V $ place mildly, therefore, membrane contraction 

WWP-r"< /i> hlz&Z 5<DX\ cannot take place, it is more preferable. 

i^umtm r. <o m < , ; x n : wm. 

10 0 3 6] [0036] 

it^^Mlv&v ^M^-v Moreover, in an application solution, the 

~ffi(Dzs]) ftmMWk^WtfV oligomer-form silica precursor, the alcohol 

T )V-=i^i/i/yy which it byproduces by hydrolysis of an 

(DMM'MW- X o Tf,'ii|4: LT < alkoxysilane in addition to an organic polymer, 

§r*3r*t>>t^ii and the water which is a by-product in the next 

! 3 » J' <5 pi 'A 'j;jc^ "C hZ>M condensing reaction contain as solvent. 
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r ) a B -e o 



b&V\, WR^O. 0 1 



IIIWR^ l 0 

if! L^WR ©MB HO. l < 



■ MM. ~r* 



However, the content of water must be 0.01 
IS_LESS_THAN_OR_EQUAL_TO WR 
IS_LESSjmNJ3R_EQUAL_TO 10 as a 
weight ratio (WR) with respect to the silica 
precursor. 

The malleability on the base plate of a coating 
film aggravates that WR is less than 0.01. 
Conversely, if WR exceeds 10, the silica 
precursor will precipitate out of a solution, since 
a solution becomes non-uniform, it is not 
desirable. 

The more preferable range of WR is 0.1 
IS_LESSJTHAN_OR_EQUALjrO WR 
IS_LESS_THAN_OR_EQUALJTO 5. 
Moreover, if the content of water is fewer than 
the content of alcohol, it will not become. 
If this relationship is rotated reversely, the 
mechanical strength of the porous silica thin film 
which is a final product will fall, and it will lose 
CMP resistance. 



[0 0 3 7] 

-?u\?\s>y try -3 mi^m w y m 



[0037] 

Alcohol which is independently added as 
solvent later as alcohol used by this invention in 
addition to the alcohol by-produced by 
hydrolysis of the alkoxysilane of this invention is 
also contained. 

In addition to alcohol, such as methanol, 
ethanol, a propanol, a butanol, pentanol, a 
hexanol, and benzyl alcohol, as a detailed 
example of this alcohol, polyhydric alcohols, 
such as an ethylene glycol, a propylene glycol, 
and glycerol, are also contained. 
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[0 0 3 8] [0038] 

ilii$©*fc^3g» As method of controlling the water in an 
It Sr M'MT 3 ttk i tt, fc i application solution, and the quantity of alcohol, 
x. fi\ xK i r /i*=i —)V t & to the method, the silica precursor, and the 
®l^$v"^ *il||) organic polymer which distil water and alcohol 
ctl^j'H/tfy MW LXltm directly it is lacking in solubility and the' method 
Mi'l. L- < , :/k & J; M T ^ -i of extracting water and alcohol using the 
- ■^^ttLXllffiMV±/f<i:U(-e solvent which has a reverse characteristic using 
fc<5 <fc 5 ^f^l--£-JI]V^-5/j\ £ solvent whose solubility is good to water and 
tr. f:t$<7)t*f f &^o^&{£o alcohol etc. is mentioned. 
X v zfc i: X/fc ? ^/k<b ffi^- However, since the distilling method tends to 
&jjlkt£}£&%ilifbtiZ)tf^ control the quantity of simple and alcohol, and 
© mWMmmWm Mmm m water in this, it is suitable. 
^mmmmmM^mm Although the bottom of atmospheric pressure or 
tWii"C<fc-5„ TKfc.tt/T'/V^ under reduced pressure, and either can carry 
--/t-coS' i:(J:A;^U± h i /iriiJc out a distillation of water and alcohol, generally 
J±~Fs l *-f fan? h "Itfe'Ch S ft ; distillation temperature becomes higher that it is 
T*h 6 £ ffl&U&ft—f&W) a normal pressure, a possibility that the silica 
te;iS -< : M.- A M^^MWm precursor may solidify exists during a 
mmMm^m^m^mmm(B distillation, therefore, distilling under reduced 
mmmmmmmm&mmmm pressure is desirable. 

lifeS*g|ii;0*;l Suitable distillation temperature is 0 - 100 
0 0 1(2 v J; t< }i5~4 degrees C, more preferably, it is the range of 5 - 
0°ComWXhZ> 0 40 degrees C. 

d&t/NT, ftBtf V -?—i$A k In the above-mentioned method, before an 
T/Un — fjlj^-fliijfjjl-^^ iin(' organic polymer controls the quantity of water 
mi)\\ LXh <fc < a; - and alcohol, it is sufficient to add it, it is 

mZmm WtM immmx sufficient to add, after controlling the quantity of 
* > <k </ \- 1: AUU A £ T/u water and alcohol. 

3-yKD#^f(ii)ftl^5^i h The method of adding direct water is also 
"C , u!l t%A £- Wm i • <5 j£ ^ ^ included as method of controlling the quantity of 
^•ft&<> water and alcohol besides the above. 

[0 0 3 9] [0039] 
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EH X*M hhtc MWMMBMM It can use the application solution obtained here 

M t LTO.)£ "£i£#|-e-£ % (D as it is as an applied liquid, therefore, the other 

X\ {&<D®mt&i* L fc Wms. solvent is not necessarily indispensable. 

ti t£ V > # v . f U ' iJ ifrMfc, However, it can use, without limiting, particularly 

M V joj: t>VK ZMtm —jv if all the silica precursor, organic polymers and 

®#®ll|f5 ; |©fli the water, and alcohol are dissolved. 

iiSfcKt5 £;4S| iPl As an example of the solvent used, it is ester, 

liWIS&jllii such as the ethyl formate, methyl acetate, ethyl 

RliaitelRIl acetate, an ethyl lactate, an 

3 ^rji -i—jvom/M^ -^m ethylene-glycol-monomethyl-ether acetate, an 

^^< : mmm-m-mmmB ethylene-glycol diacetate, a 

/K fLS$--tfvK ^?-uy?y propylene-glycol-monomethyl-ether acetate, 

^^m-immm^mmm diethyl carbonate, an ethylene carbonate, and a 

^ ^isyjfy ^—;V*J propylene carbonate, besides above-mentioned 

7'1rx- K ^Blte^la alcohol.; 

±m:^^:frm*mmmm Amides, such as formamide, N-methyl 

- K Mm^^/K MWt^f-- formamide, N-ethyl formamide, a 

L> ^ill^Wl^iil N,N-dimethylformamide, N,N-diethyl 



^/HK : ; W\s& T % K N - formamide, N-methyl acetamide, N-ethyl 
p< 3vk* /b A7; K\ N - -t. acetamide, a N.N-dimethylacetamide, a 

/Ms /PATS H\ N, N - i/ / N,N-diethyl acetamide, N-methyl pyrrolidone, 

Wmmmm S. b\ N, N S? N-formyl morpholine, N-acetyl morpholine, 

■?--f-;uiU/UAY ^ h\ N-/-7- N-formyl piperidine, N-acetyl piperidine, 

/^T± YT\ Y\ N-^-/yr N-formyl pyrrolidine, N-acetyl pyrrolidine, N,N'- 

•lr by 8 b\ N, N- i//~7-/u diphormyl piperazine, and N,N'- diacetyl 

T-fcr H« N , N-v ; ^-/- piperazine; 

/VT-fe hTS ^ N-^/Wf Ureas, such as lactone, such as a (gamma)- 

P y>: Ki>\ N — /jyw ^ /W*/M butyrolactone, a tetramethyl urea, and a N,N'- 

y N - T±-7;u-Tr;u~40) y y dimethyl imidazolidinone; 

N /JvuS/H^y N . These etc are mentioned. 

T-trTvUfxiy N-*/P It is sufficient to use these as independence or a 

8/U K t? y N-T-fe^ mixture. 

k°n y v ? >' > N, N' -v 5 */^ 
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N, N' -v^^/l~f $ 

yv y sii >V) r> urm-, 

1 0 0 4 0] [0040] 

i^tChzUl, tztx. In addition to this, if desired, for example, it can 

mmMM®m®m><mmm also add additives as desired, such as a 

i\ : . ffls MM t <D&£tt&iWii6 <5 stabilizer for the adherence improving agent for 

te&<tiMMMt%ikM : MBMM raising the photocatalyst generating agent for 

®ftm<Dm^mtimim^mm photosensitive providing, and adhesiveness 

£ t with a base plate, and saving for a long time, to 

i^m^fo&o 0ffimz3mm an application solution, 

tes £ biZMMM® p lift 5 ~ Moreover in this invention, you must be pH5-7.5 
7 . 5 ^MtftM & b f£ m of an applied liquid. 

VMM: L V ^ p HU 5 ~ : 7 X°fo More preferable pH is 5-7. 

5„ p MP5il^i§^.;l The mechanical strength of the porous silica 

$&MuuX* fo&£JL&i/}) XWJI®: thin film which is a final product as it is under a 

pH5 stops fully expressing, and is not desirable. 

< ft9#f£ L< ${c P H Conversely, since condensation of the silica 

M 7. 5 £ ,|« ;c & <h , rfiAii&'P precursor in an applied liquid is accelerated and 

fimmfcmm^MM^M a unevenness will occur in the film thickness 

Z fo&M&temmW&mmmz immediately after an application in which the 

L~C <£ V \ solution viscosity will not rise extremely if pH7.5 

l'i>hm?Mki:Z> eo-e#-}£ L< m is exceeded, it is not desirable. 

</ \ n H *mm-Z> l : l foX-4m It is sufficient to add an organic acid, the 

lfc Umm. ^MMmmmM inorganic acid, an organic base, or an inorganic 

til £ MM LXtfrMt) ft base in order to adjust pH. 

[0 0 4 1 ] [0041] 

M%m0MfamzW%j$ Hereafter, it demonstrates the film-forming 
Wj & (c o v > X") itlm \z tft method by the applied liquid of this invention in 

mmzm mmrnmmmm detail. 
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(-Pfi&'^tb6t)(75-e(i^l\ & This invention is not limited to the following 

&;mmmzmmmmMmm publications. 

i& %m ^X MB k Bl& Ltzm, In addition, in this invention, after forming a 

-C- Wii.ll^!w / dJ rt ft wi coating film using an application solution, it is 

mfo&m£-mfc&. * 5 t £ !f called gelling to carry out the condensing 

M\Lt\^o n ^.-f-fcftWiOT^M reaction of the silica precursor included by the 



r r> coating film. 



* iltiiKrliliil 



[0 0 4 2] 

tV^- h^dr'<7)MJ fticoj/te- -e 

^l§m®M^|H]«^ 

5 * 1 ' IC .ko-C\ 0. 1 M in ~ 

io o // mommx-mmvz 

So 1 0 0// rn& *)Y}-\^V_'/ y 



f if 0 . 5 M 



m ~ 5 # m 



'/V 



By gelatinizing the silica precursor in the 
obtained coating film using the application 
solution of this invention first demonstrates the 
method to obtain the silica / organic polymer 
composite-body thin film which is made up of 
two component of a silica and an organic 
polymer. 

[0042] 

In this invention, it performs formation of a thin 
film by applying the application solution mixture 
obtained by the above-mentioned method on a 
base plate. 

As a membrane formation method, it can carry 
out by the method of common knowledge, such 
as spread, an immersion, and spin coat. 
However, spin coat is suitable to use for 
manufacture of the insulating layer for 
multilayer-interconnection structures of a 
semiconductor element. 

By changing the viscosity and rotating speed of 
an application solution, the thickness of a thin 
film is controllable in 0.1 micrometer - 100 
micrometer. 

If thicker than 100 micrometer, a crack may 
occur. 

As an insulating layer for the 
multilayer-interconnection structures of a 
semiconductor element, it is ordinarily used in 
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0.5 micrometer - 5 micrometer. 



[0 0 4 3] 
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[0043] 

Things are also made using 
compound-semiconductor base plates, such as 
semiconductor substrates, such as silicon and 
germanium, a gallium arsenide, and an indium 
antimonide, etc. as a base plate. 
It can also use, after forming the thin film of the 
other matter in these surfaces. 
In this case, as a thin film, they are aluminum, 
titanium, chrome, and nickel, to everything but 
metals, such as copper, silver, a tantalum, 
tungsten, osmium, platinum, and gold 
Silicon dioxide, fluorinated glass, and 
phosphorus glass, boron-phosphorus glass, 
borosilicate glass, a polycrystalline silicon, an 
alumina, a titania, zirconia, inorganic 
compound, such as a silicon nitride, a titanium 
nitride, a tantalum nitride, boron nitride, and 
hydrogenation silsesquioxane, methyl 
silsesquioxane, amorphous carbon, fluorinated 
amorphous carbon, a polyimide, in addition, it 
can use the thin film which is made up of 
organic polymers as desired. 



[ 0 0 4 4 ] [0044] 

P: I) A mmmwmmfmmi Although the setting temperature in particular of 

ffifeffi&£$vfe)f>M» iffi'Smo the silica precursor is not limited, preferably it 

~ 3 ; 0 0 9 C V i(S 6 0^ usually performs it in 60 - 300 degrees C 0 - 300 

3 0 0 "Comm^ ft d. o £ » degrees C. 

% L \ /j£ $g W (i : 6 0 — 2 0 A more preferable temperature range is 60 - 

mm^Mmmmmmm 200 degrees c. 
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fftv * t IxfciMlit/S'h £ < % WJ When temperature is lower than 0 degree C, 

# timWfr ^Vt^f Wm^ik reaction rate is small, and it requires great time 

«lQlf!|£!£U 0 0°CJ: for the silica precursor gelatinizing, conversely, 

<0 fc.® V.*£ U&fc&4.:K&Mf& if higher than 300 degrees C, it will be easy to 

L-^t" <\ t) /'^M^ y -v form a huge void and the homogeneity of a 

—$£&foM%(f)i£)l i i\>±.fti& Kt~ silica / organic polymer composite-body thin film 

So V>Hkm>tl'. - £ \W\l Ct < will fall. 

WIWl Necessary time changes for gelling reaction 

Mi *> ,1; M: (c ,1; o T <& % ?£ & also with the heat processing temperature, a 

£\ Mf£#»e>3fcR|fll0«& catalyst additional amount, or solvent kinds and 

ll"C&>5 0 quantity. 

Usually, it is the range of several minutes to 
several days. 

[0 0 4 5] [0045] 

£38 m-emm ■ <S ? i'I$>K ]) v— The organic polymer which it uses by this 
f$J iVfili L/c -) ',c v- U # ijuI/ invention has good affinity with the silica 

ftob\fct/>- y # 1 <DmmtA\% precursor and a silica, as mentioned above, 

k <DXho X , ^rCO^fiJfi comprised such that the role is important. 

ilM'efoSo %©gftf;& |H.j# The phase separation between the silica 

omn^MX'h l) precursor and a polymer is controlled as both 

Wmmmm^mmmmm^ affinity of the reason is good, it is because there 

Wmm&mmmmmmm is no major void and the young modulus and 

tWy^yU*^^^ hardness of a porous thin film become higher, 

-IzbziX %WfcM JfM ZtiZWi when an organic polymer is extracted from a 

fHw^£fr/-tfy K/jS^r < , silica in a subsequent process and a porous 

Y > '/--b it^yx ^ substance is formed. 

< ft 5 f> XhZ> 0 ^.0) Thus, the surface of the thin film of the obtained 

<fc 5 L"Cf!f htitz y V silica / organic polymer composite body is very 

W&. V s~$i ftm±, uniform. 

oHmvxm&X® Xfo<0^ & And a dielectric constant is low and there exists 

i 0M9M>m< v WWmfofem a thick-film formation, therefore, as it is, it can 

hZ> <DX\ Z(V$. £xmB<D%& also use as insulated part of wiring. 

UMt LXM^&Zt hXZ It can also use it as applications except for a 

^v ":|I«01i^ifeM thin film, for example, an optical membrane and 

tfft'W^l^WijaMW, 7 j a structural material, a film, a coating material, 
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A, =»—■ LT etc. 
[0 0 4 6] [0046] 

L A» U.; L S I ^f?gE$ii However, it is desirable to convert into a porous 
LT;^ B^&ttlMi&V^ silica thin film for the purpose of obtaining the 

material as an insulator of a LSI multilayer 
WMM^M^W^. interconnection a dielectric constant is still 

h'm -k [A\ v- y jJ/jm^V lower. 

MrfW^'n5tJK7^ h ^-fLtt -> y It performs the conversion on a porous silica 

WM^(®mm±, <m m^mm membrane from a silica / organic polymer 

W V ^ —$A ftW-MWih 1 b 4iM ft? composite-body thin film by removing an 

y — & |^^-^ 6 rifct o.T organic polymer from a silica / organic polymer 

WM^m^m^mmm^m composite-body thin film. 

it fcfctf-tftiz.m ft L T V \ft At this time, if the gelling reaction of a silica is 

ffv::Vi*#tii^^--ft fully advancing, the region which the organic 

ftll^fl^'J'^iS^ polymer in a silica / organic polymer 

L T ^ ft , •> V jJ composite-body thin film occupied will remain, 

MB WO. ?L £ L To^Jt-f ic: without being crushed as a porosity in a porous ' 

a &o mm>mm<: mmm^MK. sinca thin Aim. 

mmmmmv^m^^m^mm As a result, a porosity is high and it can obtain 

the low porous silica thin film of a dielectric 
constant. 

[0047] 

Heat, a plasma processing, a solvent extraction, 
etc. are mentioned as method of removing an 
organic polymer. 

However, from a viewpoint that it can implement 
easily in the present semiconductor-element 
manufacture process, heat is the most 
desirable. 

In this case, heating temperature has that by 
which transpiration elimination is only made by 
a thin film condition, one by which baking 
processing elimination is made with an organic 



[0 0 4 7] 

L -C « , MM, XvX-'Mm, 

t^3mm> hit v : MfM>k-> 
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3 5 0 - 4 0 0 °G^$g |ffll? 



[0 0 4 8] 



© TV # ft 3 £ A !i ^7| 

lillifillili 



ii^5>#^f!5:«2 4 0# 



polymer degradation, and that case where it 
mixes, depending on the kind of organic 
polymer to be used. 

However, preferably the range of 300 - 450 
degrees C of the usual heating temperature is 
350 - 400 degrees C. 

If lower than 300 degrees C, elimination of an 
organic polymer is inadequate, and in order that 
the impurity of an organic substance may 
remain, there exist danger of the low porous 
silica thin film of a dielectric constant not being 
obtained. 

Conversely, it is desirable to treat at 
temperature higher than 450 degrees C in 
respect of elimination of an organic polymer. 
However, it is very difficult to use in a 
semiconductor manufacture process. 

[0048] 

As for a heat time, it is desirable to carry out in 
1 0 second-24 hours. 

Since transpiration or a degradation of an 
organic polymer will not advance enough if 
fewer than 10 seconds, an organic substance 
remains as an impurity in the porous silica thin 
film obtained, and a dielectric constant does not 
become low. 

Moreover, it ordinarily completes thermal 

decomposition and transpiration within 24 

hours, therefore, heat of a more than this long 

time seldom makes an implication. 

It is desirable to perform heat by inert 

atmospheres, such as nitrogen, argon, and 

helium. 

Although it can also carry out by the oxidative 
atmosphere of mixing air or oxygen gas, it is 
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fe-Ililliili(lii desirable to control concentration of this 
miz&MM ]) -ft'M'tWjlzft oxidizing gas in this case to concentration which 
U Lfcl' 1 J. ') \c iWi^ti " -5 an organic polymer does not degrade 
~ k Ll\ ^ substantially before the silica precursor 

4 1 ( ' T - T , /k m ft M % if gelatinizes. 

ft £ ^ y fj r| i izWr- k« Moreover, it lets ammonia, hydrogen, etc. exist 

in atmosphere. 

<b 1*1 ,1; o T -£-fLf I; -> y jj W%%0 It reduces the hygroscopic property of a porous 
WmmmmmZm mmmv h silica thin film by deactivating the silanol group 
mmmrn^ %m®£M 0 which remains in a silica. 

It can also control a raise of a dielectric 

constant. 

[0 0 4 9] [0049] 

A<%ty\V) •> y # \tM{k/ As mentioned above, from the silica precursor / 
Wktf y ^^^frfcBBm tb < organic polymer composite-body thin film of this 
It $ Vli' -t 5 /j> Jt5>l,c HI < X'&"fii invention, a dielectric constant is sufficiently low 
-C\ mW-mmzmti'C fro® and it is stable, and it excels in surface smooth 
m < X V C MPIMfe^ property, and can form insulation film for 
ifiL:S;ii:i©ilIIii multilayer interconnections for LSI with a high 
MB&fMh^X £ 2> o W \z X mechanical strength and sufficient CMP 
ty^mm&m&VmWMM resistance. 

fi, mmKV/^tWvgrJL It can also use the porous silica thin film 
f±v- y tz k obtained by this invention as heat insulating 

^foMJffif^&fi D#> <b LTI« materials including the bulk-form porous silica 



x -Jj y A JilMU^ >f bodies except for a thin film, for example, an 



yy'tyjikffl, ffH^fflk Mffik optical membrane and a catalyst support, an 

raWfcffik WW absorber, a column filling material, a caking 

WmftL ffiffifflftk'kLX preventive, a thickener, a pigment, an 

^ffl-r 5^ k i>"imx-hZ> a opacification agent, a ceramic, a 



smoke-prevention agent, an abrasive, a 
tooth brushing agent, etc. 



[0 0 5 0] 
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&>Ms :MBM®MM$i% W$m Hereafter, the Example of this invention etc. is 

-^mm^mmm^mmm shown. 

MMttklck <Q iBlbmfe£ilZ> However, the range of this invention is not 

i><mmm\io M mmtmm limited at all by the these Example etc. 

miYiift} arPfrJum&o) iii' : fiii l± K It performed evaluation of the application 

Rdco^j'SxJc £ <0 tro /c 0 solution for porous silica thin film manufacture 

(1) MM m 3 m& by the following method. 

J:r/r/i.n- -/u.Vc (1) The water and the amount of alcohol in an 

illili 1 $ fcfaUmm t application solution 

LT i>/ h * ^ > 0 . 2 g It adds dimethoxyethane 0.2g as an internal 

£ BMW; SiWjtM WZ 5 ti-? standard into 1 ml of application solutions, it 

h f5 y A —GC-7 V * measured the water in this application solution, 

X&m{utffim , <nyk& X ®m 9 and the quantity of ethanol using Shimadzu 

&£rW>i: Ufco % y A company make gas-chromatography GC-7A. 

LT^-x^+J -f xy The temperature program was taken as 100 

^ll:2^G a s k u r o p a c k degrees C of introduction, 2min holding, the 

5 6&rfflv\ WMT'vy'yMt temperature increase rate of 10 degrees C / 

8fc»s 1 0 O'C, 2 m i t\m-i\ min, 200 degrees C of last, and 16min holding, 

IfiSil 0 t:^m:;;i; n^ ;iI using GL Sciences Inc. Gaskuropack56 as a 

2 0 0°C, 1 6m i n {Rftf t L column filling material. 

fc„ ^Hi£!ll>-fiT C D $rffl V \ It required the detector for the quantity of water 

S'JfcfNc LfcMMSrfflv^-Crt and ethanol from the area ratio with an internal 

*P £ co ifci imt & cj /jcfc; J: ® standard using the analytical curve 

-n. ^ / — /1<<DW%M$>13: 0 independently made using TCD. 



[0 0 5 1] [0051] 

-> 'J jJ H'iMW^Mi'^yK^Mhk It computed the weight ratio of the water with 

y fiwMW-tiMik&ig. respect to the silica precursor from the weight 

-V- > > -7 when the whole quantity of the alkoxysilane of a 

tf-yyti^UikLfcbM preparation converts the weight of the silica 

iil©i^ n ||£ precursor into a silica for convenience, and the 

tfatbWM weight of the water for which it required by the 

y JjlC'Uit L/iiJ2 £co above-mentioned gas-chromatography method, 

s ttk X\tT/Uii*i/ With the weight at the time of converting into a 

i/y is b LTr Vy / silica, when 1 mol of tetra methoxysilanes is 

yy^l^M^-j fc MM , 1 used as an alkoxysilane, it converts into the 



1/ 



El 
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i mm. '&w»Mis&^i 



'W S 102 M iifeili silica of 1-mol Si0 2 , therefore, the weight is 

Z>(DX\ ^CDfiSfi 6 0 . 1 g 60.1g. 

"Cfc 5 0 liii(C07VU-i ^f'>y7 When two or more alkoxysilanes are used, the 

^% ffl^ttm&^m M0m<B weight of the sum of the silica computed from 
<D^;uftmfc&WWi each molar fraction is a weight converted into 

■Jj >f( K-$ > y # L the silica. 

Itllll 



[0 0 5 2] 

(2) 



"Cgfc jf U pH4v 7v:: 9 



•HTfff'f{$ 1 g £ 9 9 g co 5 0 Tfr 

6 3 6 6 - 1 0 Ct 6 3 7 7 

(3) M : 
ATX-G^lV\ #7U4$/y 




X^#r©»; 3 Jl v 19 

9 91, E , : 18 9 ~) : ^fBj 



[0052] 

(2) pH of an application solution 

After pH washed the front end of the electrode 
with the several-times purified water and pH4 
and the buffer standardized solution of 7 and 9 
performed adjustment, the electrode used 
6366-1 0C and 6377-1 0D by the Horiba make, 
and Custony LAB and a pH meter, and it 
measured the solution which diluted 1g of 
application solutions with the ethanol solution 
50 99gweight% at room temperature. 
Moreover, it performed evaluation of a porous 
silica using a following apparatus and a 
following measuring method. 

(3) Density : a measurement of the density of a 
thin film lets the wafer in which it formed the 
porous silica thin film irradiate X-ray at a micro 
angle using X-ray-diffraction apparatus ATX-G 
by a Rigaku-electronic company. 

It computed the density from the total-reflection 
critical angle of X-ray. 

The detail of this procedure is described by 
documents (an advance of X-ray analysis 
besides Shin-ya Matsuno, 30 volumes, 1999, 
R189-), for example. 



[0 0 5 3] [0053] 

B ) ^^mmm-im (4) It required using hardness and young 
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£ (H) ii, ¥?L'iA7MtSfc 

H=P 

^f-ovN-cci, mm ro l i v 
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o u r ha 1 o f Mate 
r i at s R e s c a re 
h v 7 (6), 1 5 6 4 (1 9 9 



modulus:Shimadzu dynamic ultra-small 
smallness hardness-meter DUH-201. 
It stuffed the triangle-pyramid diamond 
pressurizing piece of 115 opening angles into 
the porous silica thin film formed in the silicon 
wafer, and implemented the one-time test of 
load-unloading with 0.02 or more mN of 
maximum loads. 
By load unloading test, it searched for change 
of the load (P) with respect to the pushing 
depth, and the initial-stage gradient (S) of the 
unloading curve, required for film thickness by 
the method described by said (3), and required 
for hardness and a modulus as follows. 
It is as follows in order to compute. 
When hardness and a modulus measure 
beforehand thermofusion quartz which is 
known, it is necessary to require for the effect 
region A of the pressurizing piece in each 
pushing depth. 

[0054] 

Hardness (H), the pushing depth, from the 
effect region of the load (P) in 10% of film 
thickness, and the pressurizing piece at that 
time, h=P/A 
Computed by these. 

About how to require for P and A, it followed the 
method given in documents "Oliver and Pharr, 
Journal of Materials Research, 7 (6), 1564 
(1992)." 

Young modulus (E) computed the apparent 
modulus Er by following Formula first. 
Er=1.772S/2A 05 
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J: "9 ft,' 1 1 Lfc„ 

E r — 1 . 7 7 2 S / 2 A 0 5 

10 0 5 5] [0055] 

m^M®&. ^ -l life Next, it required for the modulus Esof a sample 
%#mm& M MMt a by following Formula. 

,£ r = ( ^ 1 - » 2 ) / E s \- ( l. Er=((1-(upsilon) 2 )/Es+(1-(upsilon) 2 )/Ei)" 1 

) /Hi) 1 As for (upsilon), Poisson's-ratio and subscript s 

£ r. 'C v IX) l: Hi^T yyit^ which is a pressurizing piece is a sample here, i 
^x.^ s lil^TVK i ttl h^p shows a pressurizing piece. 
S^t" o tt i i = 11,4:1 Moreover Ei= 1 1 41 GPa = (upsilon) it is 0.07. 

GP a, v =0. 0 7-C£>6 0 When the pushing depth in a maximum load 

ift>c#iRic*3 tj- § fli b £ exceeded 10%, it performed the adjustment by 
M 1 0 % £ M x. 6 iii i> (:t , & it following Formula. 

ItiilSfofe E=Es/0.6777e 00392 * (the pushing depth / 
E = E s / 0 . 6777o 00392 film-thickness *1 00) 

x m lia /mmx 1 o 

0) 

-1 coMiiiJ^fi, MT S tL$i, N This correction formula is a correction formula 

a n o Indent e ; r X P which approximated the relationship between 

-^t^y^y^^i; pushing depth % with respect to film thickness, 

—/He J; *) $ibbfzfi$)$.lzfti- and a modulus for which it required with the 

IM&m £ % P-* 9 * product made by MTS, and the Nano 
<b WW&i&idtL itM IE ^ -C IndenterXP-dynamic contact module. 
5 0 :-:te9&BRte$sft. In addition, it measured the young modulus in 

--irv-^.-7^{i N 0. 9~ 1 . l this invention by 0.9 to 1.1 micrometer film 

nmommmmM^mo thickness. 

[0 0 5 6] [0056] 

1 5 ) ktMW$ : T i : N%II (5) Dielectric constant : vapor-deposit aluminum 

M ny^i /n _h |c through the mask made from SUS (stainless 

&MKmmM b7t^ v G#fi steel) to the upper part of this thin film after 

m CO _h i:. SUS ( x x ^ 1/ x forming a porous membrane on the silicon 

MMm^mmmmmm wafer in which it formed TiN on the surface, it 

~ fr 'MTi L < MM l . 7 m produces the electrode of diameter 1 .7 mm, it 
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m WVfttti&ft-:$!{ L, -f W0k required for the dielectric constant (k) in 1MHz 
y^T-)- : 7 -i -f '^^^X I MM using the impedance analyzer, 
z 5 ttWffl;^ ( k ) £ ?fc (6) The content of an alkyl group : it required as 

the number-of-moles of the silicon which the 
( 6 ) T jv* jv^colSft it : {± alkyl group with respect to the number-of-moles 

of the silicon atom in the prepared alkoxysilane 
d MU W^&$ffiW&$& -f)V connected (mol %). 

L fc m WMmM (7) Hygroscopic property : it judged from the 
LX>kibfz (^e/U%) 0 difference of a dielectric constant before and 
( 7 ) vJkMVk : ftlMU& l 0 0 % after exposing into the atmosphere of 1 00% 
©#US5lrh(c 2 4 H^IS] § ^ L fc relative humidity for 24 hours. 

[0 0 5 7] [0057] 

i^iMmmMmmmm (8) Surface smooth property of a thin film : put 
At&'Ol'JJ.'Jy'yiMji^^j 5 mmlujlfa' an incision in the direction of a periphery of a 

&#-£A*W base plate first at about 5 mm interval, it uses 

&lzML.XmW.t£jj\P)Ks JfcW the product DEKTAK3 type surface roughness 
<DS \ o a n tLM D E KT A K measuring device made by Sloan of a USA in 
3 Mifiiffi £ $'J&£eE£ffl V vt the vertical direction to the incision, and scans 
70 0 0/imfe^U v , !)3> 7000 micrometer, it performs a horizontal 
, y:ny^—'M\ki\ZMLX^<.^ht> alignment to the silicon-wafer surface 
WMm (WlfeMlS. : 3 5 £!;),. (measurement speed: 35 seconds). 
^SLfcf ©3 0 0 0 jum<9$i It took the range of 3000 micrometer of the 
W&&m%®mmmW%m scanned in, and computed the surface 
lltiiaillilii) roughness (Ra) in the part from the following 
± 9 W- ttS L tz 0 mm¥-m&(DM Formula (3). 

Ra| 3 0 A ilk h'^C^ An evaluation of surface smooth property, if 30 ' 
tt&!t(- <M 1 'f'~CIJ:, OHIO, 3 or less Angstrom of Ra, good (in Table 1 then 
0A&m?LtL®&\aZ^& (m CIRCLE mark), when 30Angstrom was 
J rfTii, x, x xpp) t Ltz 0 exceeded, it considered it as the defect (in 

Table 1 then* and "mark). 

[00 5 8] [0058] 



10/19/2004 



49/64 



(C) DERWENT 



JP2002-173641-A 




* ] [FORMULA 1] 

t <x) Ii->'J3 >'>x/x-J:©ttaxKfc«J5«3, t «R a 

In Formula (3), 

1 is range which computes Ra, 

Here, they are 3000micrometers. 

t(x) is the height in the position x of a silicon wafer, 

t is the average value of the height in the range which computes Ra. 



[0 0 5 9] [0059] 

(9) : &M& : 5* V ^ fym -s (9) Adhesiveness : 
Iil^ifM $ tittle flflii/yjjM It maintained and pressed Cross Hatch Cutter 
If ERICHSEN HM(0 Cross made from ERICHSEN against 20 degrees to 
Hatch Cutter :U 2 If) the coating film, and attached the incised wound 

J£ M {R o T W L VC % 2 ~ 5 % of the form of a squares of a width of 1 mm, and 
/ l 0 c m^lf f l mm, 100 measures to the porous silica thin film 
1 0 0 )\ 0)J,Wfi. 1 1 ty^oy) «) {U & formed on the silicon wafer at the speed of 2-5 
oif Ac, MMUOlimwi 8m seconds /10cm. 

m; tt^Vj 2. 9 4 N/l O m After bonding a width of 18 mm, and the 
m^±c.)-tr p/n^^-^t -/ £ cellophane adhesive tape more than cohesion 
HA9ttJj\ -^Sr^ 2.94 N/10 mm on a squares and letting a tape 

attach to a coating film completely, it keeps it 
£ft o T^YiJifii^iiY^i I'M h \ right-angled to a coated surface with the end of 
mmmm^mmm-mmm a tape, and pulls off momentarily. 
^>iVi<^-\kWA'Ul'f'AL, J I S - It observes the state of a squares-form wound, 
K 5 4 0 0 #^1tKlaic^ ti it evaluated according to the number of scores 
X I : *%>WSL @ WffimMMi$8&& of the cross-cut adhesion test described by the 
'tft^WM Vfeo JIS-K-5400 sticking property. 

10 0 6 0] [0060] 
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WliWiiil (10) Chemo-mechanical polishing (CMP) test : 
*Wt^mmmm%mMm»mB on the porous silica thin film of this invention, it 
§lh(c, I OOOAWP- used the Applied Materials plasma-CVD 
T E O S & /' y y K-7f 'J r apparatus and the model P5000, and carried 
/kXttI©:/7 X? C V Dl out the deposition of the P-TEOS of thickness 

-T-yvP P 5 0 0 0 ^inv^T 1000Angstrom. 
iitiS^^fefef'Siilli Thus, two drops of polishing slurries are added 
L T Vt h titz P-TROSf# dropwise on a thin film with obtained P-TEOS, it 
BMMtZffiMm W W^&£MM ground for 2 minutes with the speed of 150 rpm 
Ft, K (WMl 7m using the polishing pad (diameter 17 mm), 

m) fefltfcyt^ LJj/^hA. 8 carrying out the license of the press of 4.8psi(s) 
P s i ©if JE £ftM t l from upper direction. 

Sm^mmmm wmim The visual-observation and the light microscope 
tefliWifliiis performed the surface observation, and it 
W M ffii Si *?< & f? l> \ i< II CD T |'- ffi examined whether moreover, the base plate 
^mmffimm£mfim!)MJ % would be completely exposed in whether there 
^&^76±^MUi L"0 x <5 are surface smoothness and membrane 
^fi^l:!^, f|x,7j - peeling. 

l£^Vjjy'/u% (isyjjm&l The polishing slurry used one of a silica-sol type 
3 %, -WHOnm, P H (silica concentration of 1 3%, the primary particle 
--10. 8 (7y*-7M-:)) co diameter of 30 nm, pH = 10.8 (ammonia 

& <D%mm±>fc 0 mms^mm property)). 

mmm^mmmmmmmm The polishing pad used the foaming 
8 mm) mmM&m polyurethane type pad (about 1.8 mm in 

thickness). 

[0 0 6 1 ] [0061] 

immmi ) [example 1] 

hy.-r-h.-Sry->7y 1 4 It mixed methyl triethoxysilane 1480g, tetra 

8 0 g\ fbi h**>iyy> ethoxysilane 480.0g, 523.0g of water, and 120 

4 8 0 . . 0 g , /fc 5 2 3. o g , ml (organo company make, Amberlyst 

mmmMmmmmmmM RCP-1 60M: brand name) (92g content of water) 

^^mmm^mmmmm. of water moisture sulphonic-acid-type cation 

Y>/<— V ^ h RCP-1 6 0 exchange resins, and it stirred for 8 hours, 

M : i 2 0ml (/k 9 performed 50 degrees C of pretreatments, and 
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2 g'Pr-ff) kfllO-L. 5 0°C, made filtered separation of the ion exchange 

8 mmmw ^xm&mmmm resin. 

M^m^mB^ mi mit a S From 1057g of solutions which added 267.0g (a 

M L tz-ffi-Ml 9 0 & £ v ; M$k#° number average molecular weight is 800) of 

y > LT-<y^ as, y x y h pentaerythritol polyethyleneglycol tetra acetate 
— /k/jf !Ja:f n — esters as an organic polymer, it was performing 

m iiixf/P (i[TO5>-7- 50 degrees C and pressure-reduction treatment 

liUlH 0 0) 2 6 7. 0 gf&jfrp of 1 hour by a rotating evaporator, and it distiled 

TLtzWifc 1 0 5 7; g £>., p— water and the ethanol mixture in 790g of filtered 

$ y - • a: /< y — 5 solutions, and adjusted the content of water and 

or, 1 m m <D mi mm & n o ethanol to them. 

^Sm^mmmm^mm It prepared the application solution by adding 



u W t< fti); L s 7k& t fc Wm p j propylene-glycol methyl-ether acetate 963g and 

— W<^&M%MM L> Mi %h 30.0g of water to the obtained solution. 

titz.&mz.. Su =i The weight ratio (WR) with respect to the silica 

- •/L-v< J/i'.-r-- -7-/i^7'-t?7--; f» precursor of the water contained in this 

9 6 3 ;g !&&X$7k 3 0 v 0 g application solution was 0.6. 

%))ti x.Z>^b.X\ m4u fttW & M The weight ratio with respect to ethanol of the 

M L- tc Q + !- ft £ ft water contained in this application solution is 

^mmm^mmmm^mm 2.5. 

I?dt (WR) tto. 6 Xfo-:>t c . It was a water weight > ethanol weight. 

^tiSTk^o: Furthermore, pH of this solution was 5.6. 

5 Xh ") , A ffi Id: >^-9 )V 



^mm^mm &AMm^mm 3 ml of this application solution was added 

y ^ ±(c 3ml| F U dropwise on the 6 inch silicon wafer, and it 

2 0 0 0 r p mkzx 6 0#fHj|a| made the spin coating for 60 seconds in 2000 

$mMUz 0 *©itif::t:2 rpm. 

(y°£kZX:i fiM, ^BMBSMW After that, in air, it bake-processed at 400 

2 0 0°CiCT 1 H#|,'[K kltt^X'%. degrees C under nitrogen atmosphere 

ite'^-Mpti h'4 0 0°C(c:T 1 U^ffSj continuously in 200 degrees C for 1 minute by 

t)ML-C, %\Kify<r mKWZF/ fc 1 20 degrees C for 1 hour for 1 hour, and the film 




[0 0 6 2] 
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0 . 9 8 // m 0 gMltt *y y :/J $1 thickness with the flat and smooth surface 

WMZWftCo nbiitzm$<D%;)£ obtained the porous silica coating film which is 

iiO. 72g/cc, -£-/t7kM 0.98 micrometer. 

~f " — -/ {,'. £«) >k*bhtitcl M The dielectric constant in 1MHz required for the 

I I z lOfe \y <5 It-^igmt 1 . 9 density of the obtained thin film by 0.72 g/cc and 

2X°fo<9, S i0 2 (DMM^X* a mercury probe is 1.92. 

fc§4. 5^^t<T[HoX^ It was much less than 4.5 which is the dielectric 

fc,: v§%^ 2^iiWf®^ii constant of Si0 2 . 

1 . 9 3 "Cfc «9 , WttSI Furthermore, the dielectric constant of 24 hours 

{±'&£-Cfeo/c 0 ^ffiWnH^.fi later is 1 .93. 

&.k(X\ Ml&li. 0 . 6 2 G P a % The dielectric constant was stable. 

•Y> P^^y ^ 7 7*\±?> . 3GP Surface smooth property is good, as for 

a v ^l^ttx* Mil 0^ (iH hardness, 3.3GPa and the adhesiveness test of 

fiMfflttmmMBfe lof;<| 0.62GPa and a young modulus are ten points 

vO X\ CMPf .^ hofetco (there is no peeling for a square molding part), 

$-J$ & iff j { !;t d f£ M ( J: & <? '/c < and the wound etc. was not seen at all in the 

}i £>ix&7^o/c 0 thin film surface after a CMP test. 

[0 0 6 3] [0063] 

IMmn 2 ] [EXAMPLE 2] 

'Mtfi^il I }'.&V*"C» -fYJi>J' y-v In Example 1, except that the number average 

— t LXWV&tf} ( Uk/^S 0 0 molecular weight used the pentitol 

0 v< y -f • -y |> ;j '* V --n u- > '/ y polyethyleneglycol penta acetate ester of 800 

a* -/U'^y^ft^ac^xA^JfJ as an organic polymer, it is the operation similar 

^tzty^fe%WM YEW$k<fi¥k to Example 1, and prepared the application 

WX\ sfc'MlfoM m %kMMM ■k ffl solution of this Example. 



$J L It 0 <$. Ifr jfc W 'p ti The weight ratio (WR) with respect to the silica 

5 zk © y # wMW M 2H~ -5 jR precursor of the water contained in this 

SJifc (WR) (10. 6 Xh-itz a application solution was 0.6. 

^M^^M^it^%fi^M0^ The weight ratio with respect to ethanol of the 

9 J 5M&)kt$ 2 . water contained in this application solution is 

9 Xh v ) > &Ml&.>-J--V 2.9. 



ifi.U-Cfco fCo iliio p H It was a water weight > ethanol weight, 
ft 5. :4t*feofc 0 : il tfci PH of an application solution was 5.4. 



iiiilil 1 It applied and formed this prepared application 
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solution into a film by the operation similar to 

Example 1 , and obtained the porous silica thin 

film which is 0.99 micrometer in thickness with 

the flat and smooth surface. 

The dielectric constant in 1MHz required for the 

density of the obtained thin film by 0.75 g/cc and 

a mercury probe is 1.91, and the dielectric 

constant of 24 more hours later is 1 .93. 

The dielectric constant was stable. 

Surface smooth property is good and 0.65GPa 

and the young modulus of hardness of 3.1 GPa 

and an adhesiveness test are ten points. 

In the thin film surface after a CMP test, the 

wound etc. was not seen at all. 
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[EXAMPLE 3] 

In Example 1, except that the number average 
molecular weight used the pentaerythritol 
polyethyleneglycol tetra (carboxymethyl ether 
dimethyl amido) of 800 as an organic polymer, it 
is the operation similar to Example 1, and 
adjusted the application solution of this 
Example. 

The weight ratio (WR) with respect to the silica 

precursor of the water contained in this 

application solution was 0.6. 

The weight ratio with respect to ethanol of the 

water contained in this application solution is 

2.9. 

It was a water weight > ethanol weight. 

PH of an application solution was 5.5. 

It applied and formed this prepared application 

solution into a film by the operation similar to 
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^ 01|im Example 1, and obtained the porous silica thin 
(O # ?Lt4 y ii Ml® & We tz 0 n film which is 1 .01 micrometer in thickness with 



wnwXs mm* 0 . 7 5 



the uniform surface. 

The dielectric constant in 1MHz which was 
J: <9 htitc 1 MH z mm® required for the density by 0.75 g/cc and a 
Mfcffi&fctM ■:• 9 3 :9 s mercury probe as for the obtained thin film is 
4mm^mmmMi 1.93, and the dielectric constant of 24 more 
1.9 1 -Ch<9 , VcWnv^O) h hours later is 1 .91 . 

< &M~?&> ■£ M MMM There is no raise of a dielectric constant. , 
Wmx&krc, mmmo . 6 9 It was stable. 

Surface smooth property is good and 0.69GPa 
and the young modulus of hardness of 3.6GPa 



C P a A 

6 GP a s W^B^x 



3. 
1 0 



"C &<9 , C M P v % h 0) h t and an adhesiveness test are ten points. 
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In the thin film surface after a CMP test, the 
wound etc. was not seen at all. 

[0065] 

[EXAMPLE 4] 

In Example 1 , other than having set to 480g the 
water which it adds to the solution after a 
distillation, it is the operation similar to Example 
1 , and prepared the application solution of this 
Example. 

The weight ratio (WR) with respect to the silica 
precursor of the water contained in this 
application solution was 2.7. 

i 

The weight ratio with respect to ethanol of the 
water contained in this application solution is 
12.1. 

It was a water weight > ethanol weight. 

By performing the operation similar to Example 

1 for this prepared application solution, it 

obtained the porous silica thin film which is 0.92 

micrometer in thickness with the uniform 

surface. 
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IWsl^ftllMi The dielectric constant in 1MHz which was 
1. 9 4-Cfc<9, <*kic2 4li.'f required for the density by 0.74 g/cc and a 
lHj^<Z)j,t I 'f)|V|i;4 i {'J; 1 . 9 3 mercury probe as for the obtained thin film is 

1 .94, the dielectric constant of 24 more hours 
later is 1 .93. 

There is no raise of a dielectric constant. 
It was stable. 

Surface smooth property is good, hardness is 
0.63GPa and young moduluses are 3.0GPa(s), 
furthermore, an adhesiveness test is ten points. 
In the thin film surface after a CMP test, the 
wound etc. was not seen at all. 
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[0066] 

[EXAMPLE 5] 

It mixes methyl triethoxysilane 1480g, tetra 
ethoxysilane 480g, 523g water, and 
polyethyleneglycol dimethyl-ether (number 
average molecular weight is 80-weight% 
aqueous solution at 500) 869g, and 120 ml 
(organo company make, Amberlyst RCP-160M) 
(92g content of water) of water moisture 
sulphonic-acid-type cation exchange resins, it 
stirred for 8 hours, performed 50 degrees C of 
pretreatments, and prepared the solution by 
carrying out filtered separation of the ion 
exchange resin. 

It prepared the application solution of this 

Example by the operation similar to Example 1 

from prepared 1060.1 g solution. 

The weight ratio (WR) with respect to the silica 

precursor of the water contained in this 

application solution was 0.6. 

The weight ratio with respect to ethanol of the 

water contained in this application solution is 
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^Mm^wmmmmm.m 2.6. 

i? *9 > TKfift >«t ^ / -^Hr It was a water weight > ethanol weight. 

J4"(?#> o fc„ ."^^^'{vi^ HtcoT It adds a trace amount ammonia-water solution 

^MmMM^mM mm : M to this solution, it prepared pH of a solution to 

tf£c0pH£6. H^m'iLtr, 6.8. 



ItWfcW-W.'&M-o M % MMM 1 It used this application solution and obtained the 

k P^^^-e^jflT.v W&$ii& porous silica thin film which is 0.99 micrometer 

^t'C\ M 0 . in thickness with the uniform surface by 

9 9m m CO ^^Lf !•:•>' V ii &WPt- applying and bake-processing by the operation 

#fe 6 &%MfcWmm,, MM W. similar to Example 1. 

0 . 7 2 g /' c c , £ fcMMz? The dielectric constant in 1MHz which was 

ti— J; 19 5Rto btitz 1 MH required for the density by 0.72 g/cc and a 

z It^vO^tt 1 . 9 6 mercury probe as for the obtained thin film is 

■eh *K $ Md 2 4 \lWmvnt 1.96, the dielectric constant of 24 more hours 

mW^Wl . 9 1-Cfc<9 , WM later is 1 .91 . 

ft^co h#fi& < 'A-^trfc o There is no raise of a dielectric constant. 

fc 0 mffirftm.lt&tiT~e y $m It was stable. 

{3 0. 8 I Gl'a, Surface smooth property is good, hardness is 

3. 7 4 . 2 G P a , MMt) 0.81 GPa and young moduluses are 4.2GPa(s), 

KtiilffiiSiiiill the number of adhesive force is ten. 

60 Jo £ co ft ,f,i a\% tc g : m In the thin film surface after a CMP test, the 

;£ 0 A- < \>L h ti & 1) •> o t: „ wound etc. was not seen at all. 

[0 0 6 7] [0067] 

[ WtM 6 ] [EXAMPLE 6] 

^•f/^bl)^- h^riy-yyy l 4 It mixes methyl triethoxysilane 1480g, tetra 

H 0 g , x h v.-n h df- v > ethoxysilane 480.0g, 523.0g of water, and 120 

4 8 0 : : 0 g „• 7k 5 2 3 . . .0 g , ml (organo company make, Amberlyst 

m X UAMiin x jVAs ymWW)4 RCP-160M) (92g content of water) of water 

yfy&^MH (Jr^H /t\M, moisture sulphonic-acid-type cation exchange 

~TZsH— y H-RGP-l 6 0 resins, it stirred for 8 hours, performed 50 

M) 1 2 Om I (*9 2 g-a-ft') degrees C of pretreatments, and carried out 

& U 5 0 "C , 8 NflSjf&Jt filtered separation of the ion exchange resin. 
\^m&mMm From 896.7g of solutions which added the 

$I/lu & ^BiJ Lfc 0 6ii LfcfnM 106.7 g pentaerythritol polyethyleneglycol tetra 
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acetate ester (a number average molecular 
weight is 800) to 790g of filtered solutions as an 
organic polymer, it is performing 50 degrees C 
and pressure-reduction treatment of 1 hour by a 
rotating evaporator, and distiled water and 
ethanol. 

It prepared the application solution by adding 

propylene-glycol methyl-ether acetate 963g and 

30.0g of water to the obtained solution. 

The weight ratio (WR) with respect to the silica 

precursor of the water contained in this 

application solution was 0.59. 

The weight ratio with respect to ethanol of the 

water contained in this application solution is 

2.5. 

It was a water weight > ethanol weight. 
Furthermore, pH of this solution was 5.6. 
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[0068] 

3 ml of this application solution is added 
dropwise on a 6 inch silicon wafer, it carried out 
the spin coating for 60 seconds in 2000 rpm. 
After that, it bake-processed at 400 degrees C 
under nitrogen atmosphere continuously in air 
in 200 degrees C for 1 minute by 120 degrees C 
for 1 hour for 1 hour, and the film thickness with 
the flat and smooth surface obtained the porous 
silica coating film which is 0.99 micrometer. 
The dielectric constant in 1MHz which was 
required for the density by 1.05 g/cc and a 
mercury probe as for the obtained thin film is 
2.22. 
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2. 2 2-efoD, s i 0 2 <£>M It was much less than 4.5 which is the dielectric 

n$mm> 4 , m wmim mm constant of sio 2 . 

o TWc 0 £ tc 2 4 n#|a]ft W Furthermore, the dielectric constant of 24 hours 

2 . 2 : 3 -Cfc !) v it later is 2.23. 

.ffvy;4i|-J;2ic'/j£-C o fz 0 £ iiu" ^K- The dielectric constant was stable. 

fttB^Stv ffSf .- 3 2 Surface smooth property is good and, as for 

GF ; t ,ty^-T-^ayxia5. 1.32GPa and a young modulus, 5.5GPa and 

5 G P a v #;^tiiil adhesiveness of hardness are ten points. 

*). CMPrxh co& t (Dm% In the thin film surface after a CMP test, the 

'• iifli ft if f A £ 'j> /i < j,i Cj wound etc. was not seen at all. 
Wit* . 
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[COMPARATIVE EXAMPLE 1] 

In Example 1 , except that the number average 
molecular weight used polypropylene glycol of 
1 000 as an organic polymer, it is the operation 
similar to Example 1, and prepared the 
application solution of this Comparative 
Example. 

The weight ratio (WR) with respect to the silica 

precursor of the water contained in this 

application solution was 0.6. 

The weight ratio with respect to ethanol of the 

water contained in this application solution is 

2.9. 

It was a water weight > ethanol weight. 
PH of an application solution was 5.3. 
It applied and formed this prepared application 
solution into a film by the operation similar to 
Example 1 , and obtained the porous silica thin 
film with a thickness of 1 .05 micrometer. 
However, surface smoothness was remarkably 
bad and evaluation of a thin film became 
impossible. 
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[0 0 7 0] [0070] 

ItmM Z] [COMPARATIVE EXAMPLE 2] 

m^mmWmmmmm Other than not distilling water and ethanol in 

? ^f /^MM^ b M WWiMM M Example 1, it is the operation similar to Example 

r !l ;>1 t mMmMEm W&i 1, and prepared the application solution of this 

JlS^liiio; :!! Comparative Example. 

AMfatplZ-^tiZAvDis V ij The weight ratio (WR) with respect to the silica 

WM \k IS *J i'Ztii lA.lt (WK) precursor of the water contained in this 

(40 . 8 ffeofc 0 : lif^i application solution was 0.8. 

*Mz.i$~g.fri,Z).fc(D^ % / —A> (c The weight ratio with respect to ethanol of the 

Mi' <5 jfiM It fi 0 . 4 X"fe0 1 water contained in this application solution is 

ii^i^s^ll^ o.4. 

fc 0 p HI2 5 . 7 Trfe o fc Q ft It was a water weight < ethanol weight. 

toX&8&0®&0& 7 3s PH was 5.7. 

> * /cTRIJjyp — 7"{c J; The dielectric constant in 1 MHz required for the 

9 kttfc i :: tHz (^lt5 density of the obtained thin film by 0.73 g/cc and 

| . 9 5 -Qh t> , £ a mercury probe is 1.95, the dielectric constant 

^>! - 2 4 B# .$] ©Mi ® ^ t± of 24 more hours later is 1 .98. 

fey Jife iilllf The dielectric constant was stable. 

'fc-Qh-otctiK ^tfr-^ttW However, surface smooth property is 

&~C\ <*'/l : {± 0 . 2 4 G I' a , unsatisfactory and the hardness also of 

ty^7XU. 3G P 0.24GPa and a young modulus is 1 .3GPa(s). 

a "C h "9 > & i> 0 "C o Since adhesiveness was also zero point, many 

tz fc #) V CMPf xf©$)^© wounds of the form of exfoliation were seen and 



c c 



%H Ml '. ttmmtk<DMM£W it turned out that the thin film surface after a 
Ji- ^ft, WM&R\<D$BMWkii CMP test is unsuitable as an insulated thin film 

L"Crt^jjS"C;fo-5 r. t ft'ftiy^j for copper wirings. 
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3 ] [COMPARATIVE EXAMPLE 3] 

1 {cfcHT, ^r^k' In Example 1, other than adding a sulfuric acid 
BB. £ WN^Z^hfe^MMl to an application solution, it is the operation 
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similar to Example 1, and prepared the 
application solution of this Comparative 
Example. 

The weight ratio (WR) with respect to the silica 

precursor of the water contained in this 

application solution was 0.6. 

The weight ratio with respect to ethanol of the 

water contained in this application solution is 

2.9. 

It was a water weight > ethanol weight. 

PH of an application solution was 4.1 . 

It applied and formed the prepared application 

solution into a film by the operation similar to 

Example 1 , and obtained the porous silica thin 

film with a thickness of 0.95 micrometer. 

The dielectric constant in 1MHz which was 

required for the density by 0.76 g/cc and a 

mercury probe as for the obtained thin film is 

1.96, and the dielectric constant of 24 more 

hours later is 1 .95. 

There is no raise of a dielectric constant. 
It was stable. 

Surface smooth property was good. 

However, hardness is 0.28GPa and young 

moduluses are 1 .2GPa(s). 

It is two points, and in the thin film surface after 

a CMP test, a countless wound is seen and 

adhesiveness is unsuitable as insulation film for 

copper wirings. 

A composition, the physical property, and the 
obtained porous silica physical properties of thin 
film of the application solution used by an 
Example and Comparative Example are 
collectively shown in Table 1 . 
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[TABLE 1] 




m 

* 
it 
* 

£ 
at 

ttl: 

?L 

X 

•J 
# 

JK 

m 



«tt(WR) 



24 



MTES t 
TBOS 



0. 6 



2; 5 



0.6 2 



O 



3 . 3 



B 



0v fl 



2. 9 



0. 6 6 



G 



3.1: 



0. 6 



2. 9 



o; 6 9 



O 



3. 6 



2.7 



1 2.1 




Ov 6 3 



o 



a; o 




D 



o. e 



2.6 



0. 8 1 



O 



4,2 



6. 5 9 



2. 5 



0 .' 8 



2.9 



1.3 2 



O 



5-5 



0. 8 



mm 



0; 24 



lv 3 



0. 6 



2 9 



0.2 8 



O 



1.2 



* 1 MTES=pC^hJjxK+^>9>, TE0S-7 , -h^x>+i/^^ , > 
• » 'J7-D *» aF U x ^ k > y _g 3 — ;U ^ ^ ;p x - f}V 

Horizontal headings: Example 1-6 Comparative Example 1-3 



Vertical headings: 

A composition and physical property of an application solution 
The physical property of a porous silica thin film 



Vertical subheadings: 
Silica precursor 
organic polymer 

The weight ratio with respect to the silica precursor of water (WR) 

The weight ratio with respect to ethanol of water 

Density 

Dielectric-constant () is a value after 24-hour leaving as it is in 100% relative 
humidity. 

Hardness 

Surface smooth property 
Young modulus 
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Adhesiveness (point) 

Column 1 : 
MTES and TEOS 

Column 9 : 
Polypropylene glycol 

*1 MTES= methyl triethoxysilane, TEOS= tetra ethoxysilane 
*2 

Polymer A= pentaerythritol polyethyleneglycol tetra acetate ester 
Polymer B= pentitol polyethyleneglycol penta acetate ester 

Polymer C- pentaerythritol polyethyleneglycol tetra (carboxy methyl ether 
dimethyl amido) 

Polymer D= polyethyleneglycol dimethyl ether 



10 0 7 3 ] [0073] 

immmm [ADVANTAGE OF THE INVENTION] 

mmmmmmmmmmm The porous silica thin film by this invention has 
iv:Wi^fi(siaf an enough low stable dielectric constant, and 
m^mm^mmmmim since a young modulus and hardness are high 
iMM^m^mmm m s m enough, it is the optimal as an object for the 
immmmmmmmmmm^m insulation film of the base plate for LSI 
'MM tLX itiii -QfoZ> a multilayer interconnections, or a semiconductor 

element. 
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